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Foreword 
The Subcommittee on Radiochemistry is one of a number of subcommittees working under the 

Committee on Nuclear Science within the National Academy of Sciences-National Research 

Council. Its members represent government, industrial, and university laboratories in the areas 

of nuclear chemistry and analytical chemistry. 

The Subcommittee has concerned itself with those areas of nuclear science which involve 

the chemist, such as the collection and distribution of radiochemical procedures, the 

radiochemical purity of reagents, the place of radiochemistry in college and university 

programs, and radiochemistry in environmental science. 

This series of monographs has grown out of the need for compilations of radiochemical 

information, procedures, and techniques. The Subcommittee has endeavored to present a series 

that will be of maximum use to the working scientist. Each monograph presents pertinent 

information required for radiochemical work with an individual element or with a specialized 

technique. 

Experts in the particular radiochemical technique have written the monographs. The 

Atomic Energy Commission has sponsored the printing of the series. 

The Subcommittee is confident these publications will be useful not only to radiochemists 

but also to research workers in other fields such as physics, biochemistry. or medicine who wish 

to use radiochemical techniques to solve specific problems. 
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Gregory R. Choppin, Chairman 
Subcommittee on Radiochemistry 
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Preface 
Since the publication of the Radiochemistry of Mercury monograph (NAS-NS-3026) in 1960, 

the number of papers on mercury analysis, particularly by activation methods, increased at an 

almost exponential rate. One explanation for the increasing interest in this element might be 

the need to know details of the path and fate of mercury which has been and still is spread 

through the biosphere in fungicides, drugs, and chemicals. 

The revised edition has been completely rewritten. The chapter on nuclear methods of 

mercury analysis has been greatly enlarged. The number of detailed radiochemical procedures 

was increased; these procedures were selected with the intention of presenting tried and proven 

separation methods from matrices ranging from human blood to meteorites, based on many 

different properties of mercury. The information presented in this edition includes the 

pertinent literature up to June 1968. 

I wish to emphasize that no attempt was made to be exhaustive since that is not the 

purpose of this monograph. Thus it is likely that some important contributions may have been 

overlooked. I shall be grateful to readers who call such omissions, as well as suggestions and 

criticisms, to my attention. 

The management of Westinghouse Astronuclear Laboratory generously provided secretarial 

and other assistance which is gratefully acknowledged.'! also wish to thank Linda Dudash for 

patiently converting my illegibly written manuscript into the final draft, ready for printing. 

Josef Roesmer 
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Radiochemistry of Mercury 
by Josef Roesmer 

Westinghou• Astronuclear Laboratory 
Pittsburgh, Pennsylvania 

I .  GENERAL REVIEWS OF ntE INORGANIC , ANALYTICAL, AND 
RADIOOiEMISTRY OF MERCURY 

J .  F .  Coet zee in I .  M. Kol thoff and P .  J .  Elving , Treatise on Analytical 
Chemist� ( Interscience Pub l ishers , New York , 1961) ,  Part II,  Vol . 3, 
Section , pp . 231-236 . 

G .  J .  w. Ferrer, Analyt ical Chemistry of Mercury , 
Chemical Age�. 27 , 75 ( 1956) . 

Gme l in ,  Handbuch der Anor�anischen Chemi e ,  (Verlag Chemie G . m . b . H . , Weinheim,  
Bergstrasse), System No . 4, 8th Edition , Section I ( 1960) , Section I I  ( 1962 ) . 

W. F .  Hi l lebrand , G. E. F. Lundel l ,  H .  A. Bright , and J .  I .  Hoffman , 
Appl ied Inorganic Analysis , 2nd Edition (Wi ley and Sons , New York , 1953) ,  pp. 21o-222. 
C .  A. Jacobson , Enc�c lopedia of Chemica l Reactions , (Reinhold Publ ishing 
Co . ,  New York , 1951 , VOl.  IV, pp . 531-666. 
c. V. King , Meruury : I t s  Scient ific History and Its  Role in Physical Chemistry 
and Electrochemistry , 
Ann . New York Academy of Sciences 65 , 360 ( 1957) . 

R. E .  Kirk and 0. F .  Othmer , Encyc lopedia of Chemical Technol ogy (The Inter­
science Encycl opedia , Inc . , New York, 1967) Vol . 13, Mercury , pp . 2 18-249 . 

Chemist 

G .  H .  Morrison and H.  Freiser ,  So lvent Extraction in Analyt ical Chemi stry, 
(Wi ley and Sons , New York , 1957) , p. 218. 
J . w. Pennington , Mercury , A Materia ls  Survey , 
Bureau of Mines Information Circular 7941 (1459) , 

H .  Remy, Treatise on Inorganic Chemist� (translated by J. s .  Anderson) , 
(Elsevier Publishing Co. , Amsterdam, 19 6) , Vol . II ,  pp. 456-477. 
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Table I I .  Decay schemes of the more i�ortant mercury isotopes. 
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I I I .  REVIEW OF FEATURES OF MERCURY CHEMISTRY 
OF CHI EF INTEREST TO RADIOCHEMIST$ 

1 .  Met al l i c  Mercury 

Some of the more important physical properties of mercury are 

summari zed in Tabl e  I I I .  

Table II I .  Some physical properties of meta llic mercury . 

Atomic weight (1956 International va lue)  

Crystal structure 

Mel t ing point , 0c.  

Boi l ing point , 0c . , at 760 mm Jig 

Latent heat of fusion , kcal /g . -atom 

Latent heat of vapor i zation , kcal /g . - atom at b . p .  

Speci fic heat , cal /g . - atom ,  a t  20°C .  

Heat o f  format ion , kcal . 

Free energy of formation , kca l .  

Entropy , cal /degree 

Densi t y ,  g/c c ,  at 0°C .  
a t  200C .  
a t  30°C.  

Coefficient of l inear thermal expans ion ,  per 
°C. , at 20oc .  

Coefficient of cubical therma l expansion over 
range 0 to 100° c . :  (V)

t
o

C 
• (V)

0
o

c
(l+at+bt 2+ 

ct 3), 

Thermal conduct ivity , cal/sec/cm
2

/°C . /cm at o0c .  

Electrical resist ivity , ohm/em , a t  20°C .  

200 . 61 

rhombohedral , a•3. 005°A 

- 38 . 87 

356 . 6  

0 . 557 

14 . 2  

6 . 67 

14 . 54 (vapor) 

7 . 59 (vapor) 

41. 8 (vapor) , 18 . 5  ( l iq . ) 

13. 595 
13. 546 
13 . 522 

3 X 10
-5 

-It 
ao:l . 816904 x 1Q

9 
b=2 . 95127 X 1Q 1 0  
c•l . l 456 x 10 

0 . 0248 

9 . 58 X 10
•5 

The pos it ion of mercury in the e lectromotive series and its  st andard 

e lectrode potent ial s indicate its  ' nob le meta l '  character. The standard 

e lectrode potent ials  at 25 °C of some mercury couples are :4• 5 
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2Ug - H ++ 
2e- -0. 789 volts ,  ...---· g2 + 

H� .___.. Hg++ + 2e
-

-0 . 854 vol t s , and ..----

H ++ 
g2 � 2Hg++ + 2e

-
-0 .923 vol ts . 

Brief  ment ion should be made here o f  the use of mercury in polarography . 6 

Metal l i c  mercury i s  not oxidi zed by dry air at room temperature , but , 

when heated , s lowly forms red HgO , which in turn decomposes at about 

SOO °C. The metal is inert toward most gases except the hal ogens and 

sul fur vapor which combine directly with it even at room temperature . 

In fact , sulfur powder has been recommended as a means of rendering spi l l ed 

mercury less toxic , s ince it coats the meta l  with HgS . Mercury does not 

react with hydroch l oric or di lute sul furic acid , but diss olves in nitri c  or 

hot concentrated sul furic acid forming mercury ( I I) salts . 

Meta l l ic mercury is percept ib ly vo lat i l e  at room temperature whi ch 

accounts for the presence of traces of mercury in many reagents and often 

in laboratory air.  The vapor pressure of mercury in the temperature range 

between - 20 °C and 100 °C is shown in Fi gure 2. 3 The vol at i l ity of mercury 

i s  the bas is of many radiochemi ca l separations (see Chapter VI) . 

2 2 
I 
� 
i 
f/) 
w 
cr Q. 

0.003 

0.002 

0.001 

I 
v L 

0.000 
-20 0 20 

I 
I 

'I 

/ 
v / 

40 60 80 

TEMPERATURE - •c. 

� 0.30 

- o.u 

- 0.20 

0.15 

0.10 

Oo05 

o.oo 
100 

2 :E 
I 

w cr ::> f/) 
f/) w cr 
Q. 

Figure 2. Vapor pressure curve of mercury (pres sure in mm . of mercury) . 
See pego 201 for copyright citation. 
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An important property of me�al l i c  mercury i s  its  ab i l ity  to d i s s o l ve 

many metals  to form amal gams some of which are intermet all i c  compounds and 

others are true solutiQn s .  Th e  sol ub i l i t i e s  of some metal s in  mercury are 

summari zed in Table IV. 3 Meta ls which ama l gamate eas i ly are not necessari ly 

very so luble  in mercury . 

TAIL£ IV. Solubility of selected •tah in •rcuJY •t 11
° C (ln wl11ht percent). 

Ll 
.09 

Na ... 
0.611 0.24 

ca Tl -s n.ao 0.30 <1 x 10 

Rb 
1.54 

Ct .. 
�.34 n.ll 

v 
_, 

cS • 10 

See J18111 201 for eopyright citation. 

Cr .1 
c4.10 

.... 
<2 Jt 10 

• 
ct r. 10 

_ , 

_ , 

� Fe 
_ , .... 

1.7x10 1.Sx10 

Co _, 
cl z 10 

Nl 
_, 

<2 X 10 

Cu .) 2 • 10 

AR 
0.042 

Au 
o.u 

Zll Ga 
2.15 1.3 

Cd In 

•• 92 27.0 

T1 
42.1 

Sn 
0.62 

Pb 
1.3 

The relatively high solub i l ity of gold and p l at inum in mercury has 

Sb 
2.9 • 10 

II 
1.4 

_, 

been uti lized to prepare high specific activity sources of mercury i sotopes . 7 

Very selective radiochemical separation procedures have been deve loped by 

making use of amal gam exchange reaction8, 9 whi ch are discussed in some 

detai l in Chapter VI . 

Amalgamation has a lso been uti l i zed in the pyrometallurgical extract ion 

and puri fication of uranium1 0  and p lutonium 1 1  from nuc lear reactor fue ls . 

The so lubi l i ty of metal l ic mercury in water , ear l ier to be of the order 

of 0. 1 x 10
-7 g Hg/g , was recent ly confirmed in measurements by Choi and Tuck l2 

who utili zed a neutron activation method . 

A survey on mercury designed to co llect in a single document a l l  the 

fundament a l  data which may be of interest to the mi litary has been prepared 

by Pfennington. 1 3  

Methods for the purificat ion of •etal lic mercury have been reviewed 

by Gordon and Wichers ,3 and by Soucek . l � 

The most important properties of metal lic mercury , as far as its  rad io-

chemistrv is  concerned, are its vo lati lity and its tendency to form amal gams . 
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2 .  Mercury Compounds 

Many of the chemical properties of mercury have no paral lel  among 

its  neighbors in the Periodic Table . The more important dissimi larities 

with other e l ements are the fol lowinp,: 

a .  Mercury has a very pronounced tendency to form covalent instead 

of ionic bonds . This tendency shows up in the dimeri zation of mercurous 

ions in solut ion . Un l i ke cuprous ions , mercurous ions exi st as Hg
+ 

• Hg
+ 

in solution . 

b .  Mercury i s  unique among meta l s  i n  i t s  capability t o  form covalent 

Hg-C bonds . The replacement of hydrogen atoms from organic compounds by 

mercury , the process of ' mercurat ion ' ,  proceeds almost as eas i ly as nitrat ion 

or brominat ion . Thus , the exi stence of l arge numbers of organic mercury 

compounds should be no surpri se . In fact , mercury is said to have an organic 

chemistry of its  own . 1 5 The relat ive inertness  of the Hg-C bond wi th respect 

to hydro lysis and oxidation has its reason in the l ow affinity of mercury for 

oxygen and its  s l ight tendency to form coordination compounds .  

On the other hand , mercury exhibit s many simi larit ies with its  neighboring 

e l ements in the Periodic System. A resembl ance with copper is  the format i on of 

series of compounds in which mercury , l i ke copper , has the oxidat ion s tates 

+1 and +2 .  Simi l arities with s i l ver are the l i ght sensitivity and insolub i l ity 

in water of mercurous chl oride , bromide and iodide . In ana logy to aurous ion , 

mercurous i ons undergo di sproportionati on in so lution according to 

+2 0 
Hg + Hg • 

The precipitati on of oxysalts when llg ( I I )  solut i ons are di luted with water 

is a paral l e l  to bismuth chemistry .  

a .  �fercury (I )  Compounds 

The chemistry of monova lent mercury does not show the many ' anomal ies ' 

of diva lent mercury; the l atter is determined by the tendency of Hg ( I I) to 
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form bonds of predominant ly cova lent character. To a l arge extent the 

che•istry of Hg2+
2 is ruled by the disproportionation equi l ibrium 

+2 0 
Hg + Hg • 

The degree of disproportionation depends upon the so lubi lity or the 

amount of dissociation of the Hg ( II) compound formed . The black ' Hg2 0 '  

o f  the early textbooks i s  a mixture o f  finely divided Hg and HgO formed 

by the disproportionation reaction 

The reacti on is quantitative because HgO is ins o lub l e .  Disproportionation 

a l so occurs when a Hg ( l) solution is made alkaline with a.monia 

3NH .. 
+ 

3NO + 3, 

or when Hg (I) ions react with anions , such as HS- or I
-

, which form bonds 

with Hg ( I l )  of appreciab l y  coval ent character . In solution , the mercurous 

salts exhibit  normal dissociation which leads to s l ight hydrolysis . The 

abnormal ly low dissociation found in solutions of many mercuri c compounds 

does not occur in Hg ( I )  solut ions . Oxidation of mercurous salts to the 

Hg ( l )  state can be accomplished by heat ing with permanganate ,  ce
• 4

, nitri c  

acid , and any o f  the free ha logens . 

From a radiochemist ' s  point of view ,  the most important Hg ( l )  compound 

is Hg 2Cl2 • The precipitation of Hg2Cl 2 is a means of separating Hg 2
++ 

from 

++ + + 
most other metal ions except Pb , Tl , and Ag • Furthermore , H� Cl2 is a 

wei ghing form of Hg ( I ) . 

b .  Mercury (I I )  Compounds 

Mercury ( I I )  sa l t s ,  in genera l , have higher so lubi lity in water than 

their Hg ( I )  counterparts .  The degree o f  ion i zation o f  Hg ( I I )  salts in water 

1 1  
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depends great ly on the nature of their ani ons . Mercury (II) salts  of 

oxyacids such as sul fat e , perch l orate , and nitrate are strong electro lytes , 

whereas , the hal ides , thi ocyanate , and particularly cyanide are very weak 

electrolytes . The di fference in the covalent hond character hetween Hg(II) 
and Cl

-
and N03 ions shows up in the pH valuesl6 at whi ch llgO precipitates: 

7. 3 in HgC l 2 solutions , and 2 in Jlg (N0 3b solut ions . 

Ammonia reacts with HgO or mercuri c s a l t s  to form three types of 

compounds .  

'fus ible whi t e  precip itat e'r 

'infusible whi te prec i p i t at e' ,  and 

'Millon's base' . 

The mercuric salts of oxyacitls form salts  of 'Ni llon's l>ase' such as 

This t endency to form pre fe rably amido compounds , cont a in ing covalent  llg-l' 

bonds is found to a much smal ler degree in go ld . �los t  me t als react with  

ammonia and i t s  derivat ives to form ammines or  amino compounds . 

In the dry s ta t e  mercury compounds are eas ily reduced to the metal by 

heat ing the compound with f inely divided metal  such as i ron powder or CaO. 

Sulfide contain ing mercury compounds have been reduced l>y heat ing th.<tt 

compound with  lead chromat e .  

Reduct ion i n  slightly alkaline solut ion hns been accomp l ished wi t h  

hydrazine , hydroxylamine , formaldehyde ,  forma t e  ion , hydrogen peroxide , 

arsenit e  ion and hypophosphorous acid . Reducing agents  for Hp.( I I )  in 

slightly acid solut ion are metals , such as Zn or Cu , s tannous chlorid e ,  and 

me thanolamine . 

In t he Noyes and Bray scheme of qual i t a t ive analysis , 1 7  mercury ( I I )  

appears i n  the Gold Group wh ich is  reproduced a s  Appendix I of  Procedure R. 

The Gold Group consists  o f  elemen t s  which can be completely precip itated by 

ooiling with  formic acid , name ly mercury , gold , p lat inum , and pallad ium .  

1 2  
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In t he c lassical scheme of qualitat ive analys is , l8 mercury ( I )  appears 

in the Hydroch loric Acid r.roup (silve r ,  mercury ( I ) , lead (II) , and t hallium ( I ) ) 

where it i s  precipitated as calomel , Hg2C l 2• The presence of cal ome l in 

the mixed chloride precipitate i s  confirmed by the b l ack co lorat ion (fine ly 

divided metallic mercury) produced with aqueous ammonia.  

Mercury ( I I )  appears in the  Copper Group and is  precipit ated as  the 

sulfide from 2N hydroch l oric acid so lution .  I t  is  dist inguished from al l 

other sulfides precipitated in thi s group in that it is insoluble  in 

ammonium polysu l fide and in di lut e  nitric acid . 

3. Complex Mercury Compounds 

Diva lent mercury complexes are quite  numerous . The more important 

are those in whi ch the metal is attached to carbon (as in the cyanides) , 

nitrogen , sul fur , or the halogens . The coordination number o f  mercury in 

these complexes is four. 

The ha lide comp lexes are of the type M2 (Hg (Ha l ) �); M2 can be , for 

exampl e ,  cadmium, potass i um  or zinc . The hal ide part can be bromide,  ch loride , 

i odide , cyanide , etc .  These comp lexes are more stable than the corresponding 

ones of cadmium .  Diammine hal ides of the form Hg (NH 3) 2 (Hal )2 are inso lub l e  

and d o  not redissolve in excess ammonia.  Mercury has  stronger affinity for 

sul fur than for oxygen , therefore , complexes with Hg-S bonds are more numerous . 

HgS dissolves in concentrated solutions of al kal ine sul fides and coordinat ion 

compounds of the form M2 (llgS2 ) crystal l i ze with large numbers of water of 

crystal l i zation .  

Most complexes formed b y  Hg ( I I )  d o  not have llg ( I )  analogs . In fact , 

no complexes of the mercurous ion with ammonia,  ethyl sul fide , or halogens 

have been prepared. These comp lexes are unstable  with respect to dispro­

portionation into the corresponding mercuric complex and metallic mercury . 

However, .ercurous ion forms stab l e  soluble  comp l exes with pyrophosphate , 

oxalate , succinate , and tripolyphosphate . l 9 

1 3  
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4 .  Toxicity 

Although used interna l l y  in small doses as medication, meta l l i c  mercury 

and its  compounds are very toxi c .  Inhal ation of mercury vapor, even i n  smal l 

amounts ,  i s  hazardous since the inhaled vapor accumul ates in the body . 

Meta l l ic mercury can be absorbed through the unbroken skin. Symptoms of 

mercury poisoning are salivati on ,  ulceration of the mucuous membranes of the 

mouth , diarrhea , tremors , nausea , nervousness , headaches , anemia,  a peculiar 

reddening of the gums , and loosening of the teeth . Early symptoms are 

groundless  fears , apprehensions and ment al lassitude. 

Acute mercurial i sm results in damage to the kidneys and is often fata l ;  

chroni c  mercury poi soning damages the nervous system ,  often permanen t l y .  

Treatment and Antidotes:20 I f  acute mercury poisoning is suspected , cal l 

a physician at once . Give pati ent a quart of mi lk  containing three raw eggs 

and an emetic  (soap water) .  Th e  stomach should again b e  washed ou t  w i t h  a 

pint of water, containing three tab lespoons of charcoal and 20 g of magnesium 

sulfate. 

An an ant idote give a glass of fresh ly prepared 5 to 10 percent solut ion 

of sodium formaldehyde sulfoxylate or a solut ion of 1 g of sodium hypophosphite 

and 5 ml  of 5 percent hydrogen peroxide in 10 ml of water per 100 mg of HgC12 

swal lowed . 

A bibl iography on mercury toxi city compiled by Voress and Smelcer , 2 1 

l i sts 1676 references . In a monograph on the contro l  of mercury in the 

l aboratory, safe hand l ing procedures ,  monitoring ,  and decontamination methods 

are reviewed . 2 2  

It  has been establ i shed2 3  that laboratory air almost always contains 

appreciab le quantit ies of mercury vapor, a fact that should be taken into 

considerati on when attempting to measure l ow concentration of the e l ement . 
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S .  Insoluble  Mercury Compounds 

Water insoluble mercury compounds are of interest to the radiochemist  

provided they are of defined stoichiometry, have a defined range of therma l 

stabi lity , are relatively inert toward oxidation and hydro lys i s , and are 

reasonably soluble in organic  solvents. 

a .  Inorganic Compounds 

Typical inorganic  wei ghing forms of mercury , use ful for standard i z ing  

carrier solutions and for preparing sol id counting samp les , and the  limits 

of their thermal stability are summarized in Tabl e  v.  

b .  Organic Compounds 

A number o f  organic compounds form water- insoluble chelates with diva lent 

mercury which have desirable properties such as wel l-defined compos i t i on ,  

solubility i n  organic solvents , and stab i l ity at elevated temperatures .  The 

most often used mercury reagents , taken from Wel cher , 2 4 
are summarized in 

Tabl e  VI. 

The solub i l ity of many of the organo-mercury compounds in organ ic solvents 

lends i t se l f  to devise speci fic solvent extraction separations . The selectivity 

of such extractions often can be increased by masking agents . 

Summaries of thermodynamic stabi lity constants of organo-mercury comp l exes 

have been prepared by Coet zee2 5  and Fult z . 2 6 

6 .  Cop recipitat ion Characteristics o f  �!e rcury Traces 

To dat e lit tle informat ion on t he cop recipitat ion behavior of r.�ercury 

has appeared in the lite rature . Wahl and Bonner2 7 ment ion that mercu rous 

t racer is carried q uant i t at ive ly by silve r chloride.  Thi s  obse rvat ion seems 

to suggest that mercurous t racer might also be carried by the inso luble 

chlorides o f  the Hyd rogen Chloride r.roup of the classical scheme o f  quali ta­

t ive analysis , I S  i . e . , by thallous chloride , lead chlo ride , and s i lve r 

chloride . 
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TABLE v. Therma l stabi lity of inorganic  wei ghing forms of mercury . 

Precipitant 

E lectrolysis 
Hypophosphorous acid 
Hydrazine 
Zinc 

Hydrochloric acid 
Potass i um  iodate 
Potassium chromate 
Potassium tungstate 
Oxalic acid 

Potassium iodide 
Ammonium sulfide 
Sodium thiosul fate 
Disodium arsenate 
Ammonium dichromate + pyri-

dine 
Reinecke ' s  salt 
Zinc i on + thiocyanate 
Cobalt ( I I )  ion + thiocyanate 
Cadmium ion + ammonia + 

iodide 
Copper ( I I ) ion + ethylenedia­

mine + iodide 
Copper ( I I ) ion + propylenedi­

amine + iodide 
Copper ( l l )  biguanide ion + 

iodide 
Sodium anthranilate 
Thioanilide 
Dithiane + chloride 

*Expl odes violently at 1 04 °c . 

Wei gh ing 
Form 

As mercury metal 

Hg 
Hg 
Hg 
Hg 

As mercury (I) compounds 

Hg2Cl 2  
Hg2 (I0 3)2 
Hg2cr0 .. 
1«) 3 Hg2C20�t* 

As · mercury ( I I) compounds 

Hgl 2  
HgS 
HgS 
Hg3 (As01th 

(Hg (pyrh] Cr207 

Hg (Cr (SCN) �t (NH 3)2 J 2  
Zn (Hg (SCN) It ]  
Co [Hg (SCN) It ]  

(Cd (NH3)1t ] (Hgl 3] 2  

[Cu (enh]  [Hgi .. J 

[Cu(pnh]  (Hg l lt ]  

(Cu (C2NsH7)2 ] (Hgl 1t ]  

Hg (C7H602Nh 
Hg (C 1 2H 1 00NS)2 
HgC12 . c  .. H8S2 

Temperature 
Limi t s , 

oc. 

<70 
<71 
<55 
<72 

< 130 
<175 
52-256 
>880 
<100 

45-88 
<109 
75-220 
45-4 18 
56-66 

77- 158 
<270 
50-200 

<69 

ca. ?.0 

<1 57 

60- 175 

< 1 1 3  
90- 169 

<97 

Among sulfide collectors , CuS , 2 8- 3 0 Cds , 3 1 • 32 and Aa2s 5 3 1 • tt· bave been 

found most efficient in concentrating t races of mercury presuaably by fo� 

ing mixed sulf ides . 

The property of cadmium sul fide to collect mercuric , cupric , and s i lver 

ions has been ut i l ized to remove these ions from dilute (0. 001 - 0 . 004 � 
nitric acid solut ions . 3 3 When dilute (e . g .  t races ) or concent rated 
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Aftln ldehyW 

Aftthranl Uc ecld 

..,uldehyde 

p.DI•thylulno 
.... elrhodonlne 

Dlphnylcorboalde 

Dlpllny lcerbo._ 

a, a' Dlpyrtdy l ,  alto 
2, 2' Dlpyrldyl 

Phenylborlc ecld 

a .. orcy le ldehyde 

Tbl .. cetlllllde 

In ecld solution 

lA hatic or neutral 
solut ion 

Pyridine 

Th i on a l lde , 
•- Mrcapto 
N-2 • nephthy l 
aceta•ide 

Table VI . OI'J:alc reapnt t for .ercury. 

St1'UCture 

0� - �  
c .  0 

o� - .et  

� N • O  

N-IHt• 

a::� 
01 1  

c,Hs·R(OIIh 

¢tOll 
010 

s 
cu,-c

' 

' 1111 1 

0 

CO' NI I-C0-011 511 

17 

rreclpltetes IIJ ( I )  ud IIJ ( I I )  et pH 5 . 19 
loth pnclpltetes ere l l aht ye l low, 
inso lub l e  in a l cohol , acidt and d l l ute 
111.011. 

Alto preclpltetel MU ll ""lch fo!'ll 
-tne CGIIpl exet tuch at Cu, Zn, Ni , Co ,  
Cd, Aa, Mn ,  Pb ,  and Fe. Dryintt t...,.ratun 
of llt (onthr)2  1 00- 1 60  OC. 

HJ( I I )  ph 5 . 19, I I Jht yel low ppt, soluble 
In eiCDhol end ecotone. 

Pnclpltete• Au, Ha, end Aa • 

For detentnatlon of M, Cl , Cr, Fe , Pb, 
Ha , No, P, So�t , and V. 0\elates are 
extncteble In CCI . .  Solution to be 
enely&ed ,...t 100t be 110re then 0.003 N 
in electrolyte,  ..,.t not contain c t · ,  
en d  should he n  e pH o f  3 . 5  - 4 . 5 .  

Til e  l·'"l t  o f  dlphenylcerbo..,.. forM b l ue  
insoluble sa lts with Zn ,  Pb, Cu, tla, Cr, .  
Fe , Ni , a nd  Co .  

Pp u  onions such u IIJI• ,  HJ(SCNh , 
Cd l • , ZII (CN), Ni (CNh , etc. 

Nhlte ppt with HJ ( I )  In s l l ahtly ecldlc 
soluti on .  Nhlte ppt with Ha ( l l )  In 
neutra l  tol ut lon , toluble in 01:1 J,  
repreclplteted by eddltlon of l l areln. 

Fe ( I l l )  Min Interference. 

Ppt dried et 70 °
c we i Jhed In YOcuo. 

Yel l aw  ppt et pll 3 . 4 - 7 ,  soluble In bot 
a lcohol . 

Max. Nor. l lty of Ac i d  

liaS ppt In co l d ,  no t  effected hy EDTA. 

Interferences by CrO-. , Au (I I t ) ,  IOJ,  V(V) , SoOJ, SIOJ.  IIJ .. 1u o l so reect 
with pyridine end K1 Cr10, t o  fono en 
oranae, t l i�tht l y s o l uh l e  sa l t .  II«Ch 
end pyridine fo.-. • ppt , HJC I 1 Py ,  "" l ch 
d i s sn he s  in excess of pyr i d i ne . 

rrec i p t t at e s  e l e.:nts of the IIJS �troup. 
U n l ike the !'ul fides . t he t h l ona l atet 
have de ftn i te c�� it ion 'lnd can be 
dried ea, i J y .  Thert> i!l A h o  no 
c oyn·t' d r t t a t t on or rostrred p i t•t ion .  
Fr011 a !IOlut ion O . l •O . S  t\ in  I ISO ,  the 
fn l l ow l n r.  e l e•nu hcs i.des II� �re 
rrec i r i t at ed : cu. fH, As. Sh , Sn , Au ,  
.\r. .  Pd . Pt . 
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(e . g . � 1  n> solut ions of s ilve r ,  me rcuric and copper nit rates with  and wi th­

out support in�t ele c t rolyte (Nat;o 3 ,  HN0 3 )  are passed through beds of 80- 1 7 0  

mesh CdS , 3 millime ters wide and about  2 0  millime t ers long , quan t i t a t ive 

reMoval of the heavy me tal ions was observed . The adsorpt ion-d isplacemen t 

react ion 

CdS + Hg
++ 

+ HgS + Cd
++ 

proceeds verv rap idly .  Quan t i t a t ive re tention of mercury ,  s ilver , and copper 

was obse rved \d t h  20- 30 mill imeter  long columns , at flow rat es  o f  up to  

5 0  ml/minut e .  

The hyd roxides o f  aluminum ,  i ron , and man ganese (IV) , and zinc oxide 

do not carry me rcury t race s . 3 0 

Coprec ipitat ion o f  zinc , cadmium , and mercury with anthrani l ic  acid 

at pH val ues too low for the precipitation of the correspondinp, anthrani lates 

was investi�ated by Korenman and Raryshnikova . 3� Various amount s  of sodium 

anthrani late so lution were added to  solutions containing zn6 s , Cd l l S , and 

H)'!2 0 3 at d i fferent pH va lues , and the amount of metal  precipitated was 

determined as a function of the amount of anthrani l ic acid and pH. At 

pll 0 . 65 ,  100  mg anthrani l i c  acid wi l l  coprecipitate 25 Ill'! of cadmium almost 

quantitative l y .  Under s imi lar condit ions the amount of coprecipitation for 

these e lements decreases in the order of increasinr. atomi c number . 

Other or)'!anic  col lectors for mercury traces are copper oxinate 3 5- 37  

and the  mcthy lvio let- iodide system . 3 8 

7. I sotop i c  Exchanf!e Characteri st ics 

The success of a radiochemica l separat ion depends cri t ical ly upon 

the comp l eteness of the i sotopic  exchange between carrier and tracer . 

Occas ional ly  di fficu l t i es in achievinr, comp lete exchange arise  where carrier 

and tracer have di fferent oxidat ion states . 

In solut ion , mercury exchanges rapid ly ,  no matter what its  oxidation 

state 3 9 • � 0 
or the solvent . The pe rtinent resul t s  of studies  on homor.eneous 
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exchange reactions in water , as comp i l ed by Wah l and Bonner, 2 7 are summari zed 

in Tabl e  VI I .  
Tab le VII . Ho110geneous exchange react ions o f  Mrcury , 

Tracer Reactants Tnp , 
(OC) 

Other Conditions Separat ion Hal f-TiM of 
Method Exchange 

48-day Hg2 0 ! 

" 

Hs
••

-Hsz •• 

See page 201 for copyright citation . 

Rll, 

" 

" 

" 

10- s f Hg(CI0- ) 2 ,  

10- 3 f Hg2 (CI0-) 2 ,  

3 f NaC IO_ , 

0 , 5  f HCI0-

0 , 0044 f Hg (CI 0- ) 2 ,  

0 , 0069 f Hgz (CI0- ) 2 ,  

0, 1 f HCI0-

0 , 0093 f Hg (CI0- ) 2 ,  

0 , 0059 f Hgz (CI0- ) 2 ,  

0 . 16 f HCIO�o 

In studies  on the p,ermic idal action of phenylmercuric sa lts  the 

exchan�e of mercury between phenylmercury salts  and mercuric  salts4 1 

has been investi gated usin� Hg2 0 3 , The react ion 

__ __  ..... ...... ---

ciS s 

ciS s 

<15 s 

Short 

reached equi l ibrium in about one minute and was found to be independent of 

the solvents  used : g l acia l acetic acid , 50 percent ethanol , water , and 

benzene . However , an anion effect was not iced . The hal f time for the 

exchanp,e react ion 

was found to requi re about 37 minutes at room temperature in dry benzene , 

The presence o f  HCl increased the rate of exchange to less  than one minute .  

Rapid exchange between diphenyl mercury and parach lorodiphenyl mercury 

lahe led with Hp,2 0 3 , was observed at 60 °C in pyridine solution. 4 2 

The isotopic exchange of mercury between HgBr2 , labe led with Hg2 0 3 , and 

61 1 jlgBr in the ethano l sol vent system proceeds rapidly as a biomol ecular 

reac ti on . 4 3 
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In heterogeneous system the exchange of mercury was found to he 

s low , 3 9 , � �  Some representat ive data2 7 are presented in Tab le VI I I .  

TAbLE VI I I .  Heterogeneous exchange reactions o f  .. reury . 

Tracer Reactants Te��p , Other Cond it ions Ti .. Extent Of 
(OC) Exchanp 

48-day Hg2 0 3 Hg* ( 1 ) -Hg* ( I )  18 0 , 05 f Hg2 (C10�) 2 or O , OSf  32 • 50\ 

Hg2 (N03) 2 ,  pH 1 . 5- 1 . 6  

.. Hg* ( l ) -Hg* (U) Ra. 0 , 1 f Hg(N03) 2 ,  pH 1 , 7  - 30 . SO\ 
" Hg2C 1 2 ( s ) -Hg ( I I )  " Fresh Hg2C 1 2 (s) 2 , 5  • 30\ 

" " .. Hg2C1 2 (s) aged 7 , 5  a .. 10\ 

" Hg2Cr0� (s) -Hg ( I I )  .. Fresh Hg2CrO� (s) 2 • >95\ 

" .. .. Hg2CrO� (s) aged 6 a .. <5\ 

See page 201 for copyright citation . 

In a study to measure the effect o f  hal ide i ons on the heterogeneous 

exchange react ion Hg (metal vapor in air)  � l lg2 ° 3  ( in so lut i on ) , the 

rate of exchange was found to be rapid but to depend a lso  on the concen-

tration of mercuric  ions and the type and concentrat ion of the hal ide ions 

present in so lution . � S 

When mercury vapor i s  passed through a solution of  label ed mercuric 

acetate , and containing some KCl , the escaping mercury vapor was found to 

be labeled to the same speci fic acit ivty as the dissolved mercuri c  acetate , 4 6 

The emerging ( l abe l ed)  mercury vapor can then be measured by gamma counting 

after co l l ection on a sol id absorbent and thus provides an estimate of the 

mercury concentration in the air whi ch had been passed through the so lut ion 

containing labe led mercuric acetat e ,  This  observation was the bas i s  for a 

radiochemical method for the measurement of  the concentration of mercury 

vapor in air . � 6 This  method i s  presented as Procedure 29 in Chapter VI . 

Attempts  t o  prepare radioactive mercury in hi gh speci fic activity by 

Szi lard-Chalmers reactions  on phenylmercuric acetate were unsucces s ful  not 

because o f  exchange difficulties but rather because of the h i gh decomposition 

rate of mercury compounds during i rradiat ion , 4 7 
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A sys tematic study of the i sotopic exchange between a drop of mercury 

and mercury ions in aqueous and non-aqueous solution� & revea led that the 

fo l lowing reactions can occur : 

+2 * � +2 * 
Hg2 + (Hg) Hg2 + Hg (Hg) , ( 1 )  

+ 2* � + 2 * 
Hg + (Hg) .._----- Hg2 + Hg (Hg) , and (2)  

Hg
+ 2 * � 

llg
+ 2 * 

+ {Hg) ..--- + Hr. (Hg) • (3) 

where * represents radioactive mercury , and (Hg) the meta l l ic  mercury phas e .  

Superimposed on above exchange reaction is  the equi l ibrium 

+2 * 
Hg + {llg) (4 )  

which has n o  direct effect on the i sotopic exchanp,e but which depends on the 

pH of the solution .  The i sotopic exchange between meta l l ic mercury and 

mercury i ons proceeds predominant ly via reactions ( 1 )  and (2) , is re latively 

insens it ive to the pH of the solution and is vi rtua l ly quantitative with in 

a few minutes of contact and agitation regard less whether the reaction i s  

carried out i n  an aqueous or non-aqueous so lution . I ons whi ch have higher 

redox potent ial s than mercury such as go l d ,  p latinum, pal l adium, s i lver , 

indium, osmium ,  tel lurium , and selenium interfere in that these e lements 

depos it  spontaneously on meta l l ic mercury . The rate of the mercury metal -

mercury ion exchange react ion can be increased by mechanica l  or ultrasoni c 

agitation . � 9  

Th e  rapid exchange rate.  between mercury metal and mercury ions has 

been uti l i zed to  remove traces of radioactive mercury ions from di lute 

( 1�) HC l and HN03 solutions . SO 

8 .  Amal gam Exchange 

Recent ly a very sel ective radi ochemical separat ion procedure has been 

deve loped& by ut i l i z ing the occurrence of a rapid isotopic exchange between 
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metal  i ons in solut ion and a di l ute ama l�am of  the same metal .  The separa t i on 

proceeds in two i sotopic  exchange step s .  In  t he first step , the rad ioactive 

meta l ion s ,  M* , selective ly exchange with  inactive meta l ,  M, in the ama lgam : 

M (Hg) + M* � M* (Hr.) + M 

To shi ft above equi l ibrium toward the right , the concentrat ion of �� in the 

amal gam phase must be made r.reater than the concentrat i on of �I* in the 

aqueous phase .  After a suitab le  contact time ,  usual ly of the· order of 

several minutes , the ama l gam is separated from the aqueous phase .  To bac k ­

exchange the M* ions into an aqueous phas e ,  the ama lgam i s  agi t ated with  a 

solut ion whose concentrati on in M ions i s  �reater than the concentrat ion of  

M* in  the  ama lgam. 

The reason for the exce l l ent s e�ectivi ty achi eved in amal gam exchanr.e 

separations is that other contaminating el ements in so lut ion wi l l  not 

exchange with the des ired e lement in the ama lgam.  S ince there is  practica l l y  

n o  mut ua l  interaction between aqueous and ama lgam phases , the degree o f  

separation genera l ly i s  very hi�h .  

The feas ibi l i ty o f  using ama lgam exchange as a means o f  separating 

cadmium ,  thal l ium ,  z inc , lead , bi smuth , stronti um ,  indium,  and t in has been 

demonstrated and deta i l ed separation procedures for indium, S l  cadmium, S 2 , 5 3 

z inc , 5�  stront ium, 5 5  and b ismuth 5 6 have been pub l i shed . 

E l ement s  which exhibit severa l oxidation states in aqueous s olut ion ,  

such a s  thal l ium, often do not exchange upon prol onged agitation .  However , 

when st irred for a few minutes , the exchange usual ly i s  h i�h .  

Mercury itse l f  has been used ana lyt ica l l y  a s  a reducing agent for 

nobl e  metal s , 57 The reducing action of met al l i c  mercury and the ease wi th  

which nob le metal  ama l gams are formed may we l l  b e  the reason for the  observed 

interference of nobl e  metal ions such as Au
+++

, Pt
++

, Pd
++

, and A�
+ 

with the 

ama l gam exchan�e .  It has been suggested S l  to  remove nob le metal i ons , 

incl uding Hg
++

, from the solut ion first by  agi tat ing it  first with  pure 
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mercury and then proceed to separate the desired nucl ide with the appropriate 

amalgam. 

Some ama lgams are reducing agents o f  almost the reducinp, power of the 

pure metal  of which the amal gam is made . The behavior may cause contaminat i on 

of the aqueous phas e .  A pos s ible  so lut ion to thi s prob l em i s  the use of a 

selective scavenging step , s imi l ar to the removal of nob le  metal  i ons from 

solution menti oned above , except that one would use an ama l gam prepared wi th  

a metal  of a somewhat h igher reduction potentia l than the des ired metal . 

The rates of exchange of  i ons of  thal l ium ,  cadmium, l ead , zinc , copper , 

bi smuth , sodium, potassium, and ces ium with their  respective amal gams have 

been measured by Rand les  and Somerton . 5 8 The preparation of various amal gams 

is described in " Inorgani c  Synthesis"  by Booth , Audrieth , and Boi ler . S9 

9 .  So lvent Extraction 

In the fo l l owing ,  the term ' so lvent extraction '  means the preferential 

parti t ion o f  inorganic  ions across a l iquid- l iquid phase boundary into a 

water-immi s s i b le organi c  s olvent . I ons in  aqueous solution exist as aquo 

comp l exes where a l l  coordination pos i tions are taken up by water mol ecules . 

The l ike l ihood for an aquo comp lex to pass  through the l iquid- l iquid interface 

and mix with the organic  phase is very smal l  because of the h igh ly polar 

character of  the molecul e .  To make a n  ion cross the boundary between aqueous 

and organi c  phase ,  a l l  or mos t  of its  water molecules mus t  be removed and 

rep laced by other firmly coordinated i ons or groups which reduce the polar 

character o f  the molecule . The repl acement o f  several water molecules  by 

multidentate l i gands and the inherent strength of subsequent ring c losure 

results  in neutral molecules that dissolve and hence extract eas i ly into 

organi c  solvents .  I t  fo l l ows from the requirement o f  e lectrical  neutral ity 

that an i on can cross a l iquid- l iquid phase boundary provided it  is ' locked 

up ' in an und issociated neutral mol ecule , where valence and coord ination 

requirements  are sat i s fied by a chelat in g  agent . Such a system i s  ca l l ed a 

Che late Extraction System .  
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I ons can pass a l so the phase boundary provided they take with them an 

equal amount of charges of the opposite  po larity .  These ions pass from 

the aqueous into the organi c  phase in associat ion with other counter i ons . 

Thi s  type of system i s  known as the Ion Association Extraction System. It 

should  be kept in mind that there i s  a smooth t rans it ion between che lates 

and ion association (coord ination) compounds . For detai l s  on the experi-

mental aspects of  solvent extract i on the reader is  referred to the exce l l ent 

work by Morrison and Freiser . 6 0  

a .  Che late Extract ion Systems 

Many organic prec ipi t ants used in inorganic  ana lys i s  are suitab l e  for 

solvent extraction .  The metal  ions to be extracted are ful ly che l ated , 

i . e . ,  comp l ete ly surrounded by bulky organic mo lecules . Since there is  

genera l l y  no reaction between che l ate  and solvent molecul es the  nature o f  

the organic  solvent i s  not very cri t i ca l  and often even hydrocarbons are 

used . Quite often the so lubi l ity  of the metal  chel ates is  low and thus 

are not amenab le to bulk  extraction s .  llowever , the sens i tivity i s  usua l ly 

very high because of the effects  of ring cl osure and entropy di fferences . 

1 .  
t-.'1 1 -

Dithi zone (Diphenyl thiocarbazone) 
� s = c, 
N 

NH -0 
N -0 

N -
� Hs-c '' 

' N • 

Nll -0 
N -0 

Dithi zone is an important organic reagent becaus e  of its  versat i lity 

and the extent to which it  has been studied .  It  i s  a weak monobas ic 

acid , having a dissociation constant - 1 0- 5
. 6 1 The partition coefficient 

of dithi zone between CCI � and H20 i s  - 10� . The CCI � solut ion i s  intense 

green in color .  On exposure to day l i ght , the CCI � so lution of the reagent 

developed a dark greyi sh- green co lor and becomes b luish-purp le in sunl ight . 

This  photochemical e ffect i s  reversed in the dark and the origina l col or 

i s  restored . Acet ic  acid inhibits  this color change . 62 The metal 

che lates ,  strongly co lored red , orange , brown , or violet , make it  wel l  

suited for the absorptiometri c  determinat ion of microgram quantities of 

these meta l s .  Dithi zone reacts  with Hg ( I I ) , 6 3 s i lver , lead and bismuth , 6 � 
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gold , indium, zinc , thal l ium ( I )  and ( I I I ) , iron , p latinum ( I I ) , 

pal l adium and copper . 

In order to obtain higher selectivity in dithi zone reactions  whi ch 

cannot be achieved with pH regulation al one , extens ive use of masking 

agents such as cyanide , thiocyanate ,  thiosul fate , and EDTA has been made . 

Tabl e  I X  shows that dithi zone reacts with fewer meta ls in the presence 

of masking agents . 

Tabl e  I X .  Masking agents in Dithi zone reactions . 

Conditions 

Basic  solut ion containing cyanide 

S l ight ly acid solution containing cyanide 

Dilute acid so lut ion containing thiocyanate 

Dilute  acid solution containing th iocyanate 
p lus cyanide 

Di lute acid solution containing bromide or 
i odide 

Dilute acid solution containing EDTA 

Sl ight ly acid solution (pH 5) containing 
thiosul fate (carbon tetrach l oride 
solut ion of  dithi zone) 

Sl ightly acid solut ion (pH 4-5) containing 
thiosul fate plus cyanide) 

Metals  

Pb , Sn ( I I ) , 

Pd , Hg , Ag , 

Hg,  Au , Cu 

Hg , Cu 

Pd , Au , Cu 

Ag , Hg 

Pd , Sn ( I I ) , 

Sn ( I I ) , Zn 

Chel ated 

Tl ( I ) , Bi 

Cu 

Zn , (Cd , Co , Ni )  

Citrate and tartrate i n  bas ic medium Usual ly do not interfere 
with extraction of reactin� 
meta l s  

Speci fic mercury d ith i zonate extract ion procedures were deve loped 

b y  Irving , 6 1 • 6 3 
and Friedeberr, . 6 5 The l atter procedure permi ts  

extract ion o f  the  mercury dithi zonate from about 1 !:!_ mineral  acid 

solutions , with a sensit ivity of  one part of mercury in l OS parts of 

copper . 

2 .  Di-beta naphthyl thiocarbazone 

s 

2 5  

,.Ni l  - NH 
c -CO 

' N 
N -co 
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A rear.ent re lated to dithi zone , hut more sensit ive , i s  d i -beta naphthy l 

thiocarbazone .62 The mercury che late i s  reddish  in col or and i s  a l so 

extractab le  into ch loroform. 

3. Cupferron (Ammonium salt  of N-ni t roso 
phenyl hydroxy l amine) 

Cupferron is wel l  known as a selective precipi tant for many metal s .  

I t s  use i n  extraction ana lysi s  has been thoroughly reviewed b y  Furman.6 6  

The che l ate  formed b y  Hg ( I )  and cupferron i s  inso lub l e  in  organic 

solvents ;  the Hg ( l l )  che l ate ,  formed in neut ral or s l i Rhtly  acidic  

solut ion , i s  solub l e  in  chl oroform and benzene .6 7  

4 . 2- fluoreny l cupferron N = 0 

0:=:0-- � - 0- NH: 
A homolog of cupferron , 2 fluorenyl -cupferron , forms whi t e  precipitates 

with  Hg { l )  in s l i ght ly  acidic so lution and with l lg ( I I )  in neutral 

solut ion.6 8  Both chel ates  are solub l e  in CHCl3 and can be reprecipit ated 

by the addition of l i groi n .  

5 .  Sodium Diethyldithiocarbamate  

6 .  

Sodium diethyldithiocarbamate  is  an  e f fect ive ext ract ion reagen t for 

some twenty element s . Divalent mercury is extrac ted a t  pH 3 into e t hyl 

acetate .  At this  acidity . V, Ga , se . Mo , Ag . Cd . In . and Pu interfere . 
Mercury diethyld ithiocarbamate is also q uantitat ively ext racted a t  pli 1 1  

f rom a solut ion containing EDTA. Under these condit ions , s ilver , coppe r ,  

palladium, bismuth . and thallium (III) are t h e  only other met als ext racted . 6 9 

o-Ni t rosophenol &•o 
o-Nit rosophenol reac t s  in slightly acidic solut ion with Hg(II) • Cu ( I I ) , Ni , 

and Fe ( I I ) to form chelates extractable in e thyl e ther . The chelates  may 

be rcprecipitat ed with pe t rol e the r . 6 0  This  reagent is s t able only in 

solut ion and has . there fore . found lit tle applicat ion . 
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7 .  Iaonitrosoacetophenone CH - NOH 
I 

00 
Isonit rosoacet ophenone forms chelates with Fe ( I I ) , Co , Ni , Cu , Hn ,  Au , 

Cd , Ph , and llg which can be extrac t ed into chloro form. 7 0  The yellow llg ( I I )  

chelate i s  also solub l e  i n  n i t robenzene . 

b .  Ion Associat ion Ext ract ion Sys t ems 

Unlike me tal chelates , the extract ion of many inorgani c  ion association 

comp lexes depends greatly on the nature o f  the ext ract ing solvent . The ion 

associat ion complexes to  be ext rac ted s t i l l  have some remaining wat e r  molecules 

bound to the central atoms . These water mo lecules must be rep laced by 

oxygen-containing mo lecules  o f  the solvent before the ion association-solvent 

mol ecule comp lex can pass through the boundary layer between aqueous and 

organic phase .  Th e  selective nature o f  the so lvent has been exp l ained by 

the basicity of the oxygen atom in the respective organic solvent mol ecules 

and by stereochemica l factors . Frequently,  the addit ion of  l arge quanti t ies  

of  electrolytes ,  ' sa l t ing-out agent s ' , improves the distribution of the metal  

ion between aqueous and organic  phases .  The e lectrolyte aids the extract ion 

by binding up water molecules  under formation of aquo comp lexes and thus 

lowering the dielectric constant of the aqueous phase and a lso by common- ion 

action .  

1.  Th e  Iodide System 

TI1e extraction behavior of most e l ement s  in the i odide system is summari zed 

in Figure 3 . 7 1 Mercury can be extracted quanti tatively72 • 7 3 into ethy l ether 

from 6 . 9 � hydriodic  acid . Interferin� e le�nts are antimony ( I I I ) , cadmium ,  

and go ld . 
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H 
Ll Be 
No Mg 

He 
8 C N 0 f t.'t 
AI Sl P S Cl A 
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Th Po U Nj) Pu Am Cm Ell Cf E Fm My 102 103 

Fi gure 3 .  E lements  extracted in iodide system. So lid  
b locks--appreci ably  extracted ; broken b l ocks--part i a l l y  
extracted . See page 201 for copyright citation. 

So lvents  that have been t�ed in iodide extractions inc lude ethyl 

ether , methy l i sobutyl ketone , and methyl isopropy l ketone . 

�loser and Voigt 74 measured the extraction of 11� 12 into benzene at 

vari ous acid and iodide concentrations as a means of determininy, the 

format ion constant of  the Hgii and llgl�- comp lexes . The extent of 

extraction at l ow concentrations of mercury ( I I )  was measured using Hg2 ° 3 . 

Th e  extraction ratio was found to be invariant with the hydrogen ion 

concentrati on in the ranJ!e from 0 . 0 1  to 0 . 02 mo les/ 1 of IIN03 . Thi s  imp lies  

that species  such as  I IH g l3 and H2li�I4 are not  extracted into benzene , but 

rather l lp, l 2  mol ecu les , since any i oni zati on is un l i ke ly in a non-pol ar so lvent . 

2 .  The Bromide System 

A summary of the ext ractab i l ity  o f  e l e���ents in the bromide system is 

given in F ir.ure 4 .7 1  

H 

Ll Be 
Na Mg 

He 
B c N o r t:. 
AI SI P S CI A  

K � � � V � ��� M �� � � � �& �  
r·1 L.:J L .. _.J I 

Rb Sr Y Zr Nbi�:':�- -�� Rll r� A� Cd In Sn Sb :�j 1 Xe 
Cs Ba Lo Hf To W t��-�1 1r �][Au Hg Tl F'b Bi Pa At Rn 
Fo Ra Ac 

Ce Pt Nd Pm Sm Eu Gd Tb Oy Ho Er Tm Yb Lu 
Th Po U Np Pu Am Cm Bk Cf E Fm MY K2 03 

Fi gure 4 . E lement s  extracted in bromide system. Solid  
appreciab ly  extracted ; broken b locks- -part i a l l y  extracted .  
See page 201 for copyright citation. 
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The percentage of mercuric  bromide extracted into ethyl ether at .,, 
room temperature at various hydrobromic acid concentrations 75 is SUIIIIUlrized 

in Table X .  Besides ethyl ether , methyl i sobutyl ketone has been used as 

organic  phase in bromide extractions . 76 

Table X .  Extractabi lity of HgBr2 into ethyl ether. 

Molatity of HBr 0* 0 . 1*  

Percent Extracted 94 . 0  58 . 3  

0 . 2  

30 . 0  

0 . 5  

4 . 9  

1 . 0  

3 . 4  

3. 0 

2 . 3  

*HgBr2 was dissolved in ether ; i t  i s  soluble in an aqueous medium only at 
higher acidit ies . 

3. The Chloride System 

6 . 0  

1 . 5  

The extraction behavior of the elements in the chloride system i s  shown 

in Figure 5 . 7 1 A detailed description of the extraction condit ions can be 

found in reference 60 . 

H 
� Be  
Na l.lg 

He 
B C N O F Nt  
AI SI P S CI A  

K Ca� ll� ���§-�cu Zn rGa .. ?_e];JS. Sr Kr � � Y b � M D � � � � ��� �� � � 
Cs Ba LAI Hf Ta W Rt Oa 1r !Pt lfl Hg T" Pb Bl @At Rn 
Fa Ra Ac 

Ct Pr Nd Pm Sm Eu Gd 1b Dy Ho Er 1ln Yb Lu 
'111 � U Np· Pu Am Crn Bk Cf E Fm l•.'v KlUXS 

Figure 5 .  Elements extracted in chloride system. Solid blocks-­
appreciably extracted ; broken blocks--partial ly extracted . 
See pegoo � 1 "" copyrognt c1tat10n. 

The extraction of elements from hydrochloric acid so lution into ethyl 

ether probably i s  the most thorough ly studied ion associat ion extraction 

system. Many invest igators have demonstrated the wide applicabi l ity of this 
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system both to convent iona l and to radi ochemical  separat ions . The 

extractabi l ity  of mercuric  ch loride as a function of the mo larity of 

hyurochloric acid at room t emperature is presented in Tah l e  XI . 77 

Tab l e  XI . Extractab i l i t y  of H�Cl 2 into ethyl ether . 

Mol arity of  I ICl  

Percent  Extracted 

0 

69 . 4 

0 . 3 

1 3  

3 

0 . 4  

6 

0 . 2  

These data show that mercuric chl oride i s  less  extractab le into ethy l ether 

than mercuric bromide and that control  of  the acidity of  the inorganic phase  

offers less  contro l  over the  extraction .  

Mercury { I I )  can be extracted to about 8 0  percent from a 0 . 1 25 N I IC l  

so lut ion and up t o  8 2 - 8 9  percent from 0 . 1 N HCl into a mixture of 

n-buty lacetate + 3 M  trich loroaceti c  acid . 7 7  

4 . Th e  Fl uoride System 

It is of interest to note that fewer el ements  are extracted to any extent 

as fluorides in the hydrofluoric acid-ethy l  ether system than in the chl oride . 

bromide . thiocyanate . and nitrate systems . The data p,iven in Table  XI I on the 

extractab i l ity of  mercuric  fluoride into ethyl ether from various hydrofluoric 

�c id concentrations at room temperature are taken from reference 78 . 

Tabl e  XI I .  Extractab i l ity o f  HgF2 into ethyl ether . 

t-lo larity of HF 

Percent Extracted 

1 

0 . 05 

5 

0 . 05 

30 

10 

0 . 05 

1 5  

0 . 9 

20 

2 . 7  

R a d i o c h e m i s t r y  o f  M e r c u r y
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The extraction behavior of the ele.ents is su.aari zed in Figure 6 . 7 1 

H 
u �  

He 
I C N O F Nt  

Ce PI' Nd 1'111 Sill Eu Gd 1b Dy Ho £r '1111 Yb lu 'III�U - Pu  Am CIII Bk Cf E Fm llv 1012 D5  

Figure 6.  Elements extracted in fluoride system. Solid b locks-­
appreciably extracted; broken blocks--partially extracted .  
See P..- 201 for copyright citation. 

S .  The Thiocyanate Systn 

A thorough study of the extraction of uny Mtal thiocyanate concen­

trations has been aade by Bock. 79 The data on the extractabi l ity of mercuric 

thiocyanate into ethyl  ether , as given in Table  X I I I ,  imply that thi s system 

is not useful for the extraction of •ercury , however, it may be of potential 

value for separating other •tal ions from Mrcury . 

Table  XI I I .  Extractabi lity. o f  Hg (SCN) 2 into ethyl ether. 

Hg (SCN) 2 concn. Molarity HCl Volu.e Ratio HSCN concn . 
in aqu. phase of Acidity ether ; water in ether 

before extract.  NH�tSCN (moles/1)  
(IIOles/ 1 )  (IIOles/1 ) 

0 . 2 0 . 4  neutral 1 : 1  

0 . 2  1 . 0 neutral 10 : 1 

0 . 2 7 . 0  neutral 1 0 : 1 

0 . 5  1 . 0  neutra l 6 : 1 0 . 5  

0. 5 7 . 0  neutral 6 : 1 0 . 5  

The extraction behavior o f  the elements i n  the thiocyanate system is 

presented in Figure 7 . 7 1 

3 1  

Percent 
Extracted 

0 . 15 

0 . 15 

0 . 65 

2 . 2 

1 . 4  
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Figure 7 .  E l ements  extracted i n  thiocyanate system , Sol id b locks-­
appreciably extracted ; broken b locks- -partial ly extracted . 
See 1>1101 201 for copvright citation. 

West and Carlton BO  observed that mercury can be partial ly extracted 

into methyl isopropy lketone . 

6 .  The Nit rate System 

The elements that are extracted in the ni trate system under a variety 

of conditions are shown in Figure 8, 7 1  Solvents that have been used in the 

extraction of nitrates inc lude ethyl ether,  tributy l phosphate , and methyl 

isobutyl ketone . 

�-·······---·······--·---····-··--·r:, ::·�·:·�-���-�-�-:;-:�� 
Figure 8. E l ements extracted in nitrate system .  Sol id b l ocks-­
appreciably  extracted ; broken b locks--partial ly extracted . 
See 1>1101 201 for copvriOflt cltetlon. 

At room temperature , on ly 4 . 7 percent of the total amount of mercury 

present in an 8 N nitric solut ion can be extracted into ethyl ether . B l 
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c .  Other Systems 

The extraction systems described in this sect ion are re lated to ion 

association systems . The l igands rep lacing coordinated water mo lecules around 

the metal  ions are derivatives of the tri-alkylphosphine oxide tri -alkylphosphine 

sul fide series . A considerable  amount of work on these extraction systems 

has been pub l i shed in tabular form by I shimori . B2- 8� 

Only qualitative information regarding the extraction of mercury wi th 

t ri-n-dodecylamine (TDA) B � is availab l e  to dat e .  

Another extraction system to b e  listed here is t hat where t he metal ions , 

as anions , form salts with high molecular weight cations such as t et raphenyl­

phosphonium ,  -arsonium ,  and -stibonium ions . The solubility of such ' salts ' 

in organic solvents makes them use ful for solvent ext rac t ive s eparations . 

A 0 . 1  � tri-alkylphosphine ox ide solut ion in kerosene ext ract s  comp letely 

Cr (VI ) , Au ( I ) , Hf 9 Fe ( I I I ) , Mo (VI) , Z r ( IV) , U (VI ) , and Zn from 1 � HCl 

solut ions . G O Under the se condit ions , part ial extraction is ob t ained fo r 

Sb ( I I I ) , Bi , Cd , In , Hg (II ) , Pt (I I ) , and Zn . 

Whi te and Ross B S  in their monograp h  "Separat ions by Solvent Ext ract ion 

with Tri-n-octylphosphine Oxide" men t ion that cadmium and mercury are ext racted 

to a very s light ext ent f rom ac id chloride so lut ions , but are not ext racted 

from other inorganic acids . 

The ext raction behavior of some 60 elements in hydrochloric acid toward 

1 percent t ri-n-butylphosphine oxide (TBPO) in toluene was s tud ied in det ail 

by Ishimori , Watanabe , and Fuj ino . B 2 The logarithms o f  the observed d is t r ibut ion 

ratios , �·  are plotted in Figure 9 as a funct ion of the normality of the 

hydrochloric acid solut ion extracted . The magn itude of the dist ribut ion rat io , 

�· of mercury indicates that this element ext ract s  moderately well in the 

1 percent-TBPQ-Toluene system .  A n  increase i n  t h e  concen tration o f  TBPO up 

to 100 percent does not improve the ext ract ability of mercury . B 6 

Tri-n-butylphosphine sul fide was found87  to be a considerab ly  more 

selective extractant for mercury ( I I )  and s i l ver than the trialkyl phosphine 

oxides . The d istribution ratios , D ,  of  mercury and s i lver between aqueous 
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Figure 9. Dependence of the distribution rat io  K0 on 
normal i ty of HC l in the 1\ TBPO system .  

and organic phases after a 30-minute contact of equa l volumes of a 5\ solution 

(v . /v . )  of tri-n-butylphosphine sul fide in CCl� and a 10-2 M solution of 

the respective meta l were found to be 282 for mercury and 625 for si lver. 

Tri-n-butylphosphine sul fide as a practical extractant for mercury suffers 

from the disadvantage that i t  is extremely difficult  to strip mercury fro. 

the organic phase , even with reagents such as nitric acid . aqua regia , or 

sodium perGxide .  

In accord with above , triiso-octyl thiophosphate (TOTP) and tri-n-

butyl thiophosphate (TBPS) , the neutral esters of monothiophosphoric aci d  

are also highly se lective extractants for si lver and mercury from nitric acid 

solutions . 8 8  The equi l ibrium between ions to be  extracted in aqueous and 

organic  phases is rapidly estab l i shed and the partition can easi ly be 

reversed . Partit ion coefficients of mercuric ion from aqueous nitric acid 

solutions at various concentrat ions of TOTP are presented in Figure 1 0 .  
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The partition coefficients of  mercury ( I I )  as a function of TOTP concen-

tration at d ifferent nitric acid concentrations are summariz ed in F igure 1 1 .  

An aqueous phase 6 !!_ i n  nitri c  acid and an organic  phase 0 . 669 �I o f  TOTP 

in CC l 4 extracts 97\ of the mercury present after two 2-minute equi l ibrat ions . 

The presence of salting-out agents . as is  i l lus trated in Tab l e  XIV .  permits 

the e limination of a second equil ibration .  Stripping the mercury from the 

organic phase is eas i ly accomp l ished with water . 

400 

R 10 

i ... 2 

� 

� 
j 

o.ol !l:._o,_--...,2.�o,---..,3.0.,__--:4':::I>-t:�o""6.·'o-��J 
M, NITR IC AC t O ( toto ! I 

'- ·  
0!)2 

1 1 1 1 !11 I 1 1 1 1 1 1!1 I� 0.1 tO 10 
I M, HNOs ( undl.-iottd I 

o. � ��������L-�������� 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 
TRI· ISOOCTYL TH IOPHOSPHATE ,  M 

1 .0 2.0 3.0 6.0 10.0 15.0 30.0 60,0 100.0 
TOTP IN CC I4 ( � I  

figure 1 0 .  Partition coefficient of Hg(ll) from aqueous 
HN0a IOiutlons at various concentrations of TOTP 

Figure 1 1  • Partition coefficient of Hg(ll) as a function 
of reagent concentration far various concentrations 
af HNOa tit - O.OSOAI, �o���o�y, -..., 25° C. 

See Pllv- 201 fO< copyright ciution. "' -. 0.050M. Initially 
See pege 201 for copyright cltatoon. 

Metal  ions which form insolub l e  sul fides were foun� 9 to extract to 

an appreci ab l e  extent into a solution of di -n-butyl  phosphorothioic  acid 

in carbon tetrach loride . S ince as l i tt le  as 2 ppb of mercuri c  ion can be 

quantitat ively extracted i n  one equi l ibration from a n  aqueous phase 

0 . 5  N in mineral acid into an organi c  phase of  5% (w . /v . ) d i -n-buty l phos-
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Table liV. Effect of aniona - acids on the eatracti011 of 80!'C11l'Y • 

S�le Tested 

Acetate 
Otloricla (as ac id) 
Fluoride 
Nitrate 
Pndllorate (aa 

acid) 
Sui fate (as ac id) 

Acetic 
Hydrofluoric 
Nitric 

Perchloric 

Conceotratlon 
Noles 

1 . 0  
2 . 0  
1 . 0  
l . U  
1 . 0  

1 . 0  
6 . 0  

1 . 0  
1 . 0  
6 . 0  
9 . 0  
1 . 0  

Partition 
Coeff. of Ill 

" IOU; � 
0.001 
1 . 7c 

34 . 5  
250 

4 . 5: 
P . O  

10 
l . S

c 

PO 
1 00  

so 

a SO vol ... percent (0. 67M)TOTP in CCI ,  contactinc an aqueous 
pllase O . SOUII in •rcury ( I I )  nitrate IUid 6M in nitric acid. 

b Extraction Mde with 0 . 22SM TOTP ;  with 6M nitric acid a!OM 
partition coefficient ls 1 7 .  

c 
Precipitate a t  interface. 

d 30 vol ... percent ( 1 . 06M) TIPS in CCI ,  contactina aa aqueous 
phase O . OSOCJM in •rcury ( I I )  n i t rate . 

See page 201 tor copyright citation. 

phorothioic  acid in carbon tetrach l oride , this extraction system i s  of  

considerab l e  importance to the  radiochemi stry of mercury . 

The logarithm of the d i stribution rat ios , D ,  of some 30 e l ements are 

presented as a function of the logarithm of the hydrogen ion concentration 

of the aqueous phas e ,  both in hydroch loric acid  and i n  sul furic  aci d ,  in 

Figures 12 and 1 3 .  The dashed l ines in  these figures represent distributi on 

rat ios where the e lectro lyte concentrat ion of the aqueous phase i s  � 0 . 25M. 
The e ffect of e l ectro lyte concentration and solvent for the extractant on the 

distribution ratio D for mercuric ion is  shown in Tab l e  XV. 

The rel at ive order of extract ion of the metal  d i-n-butyl phosphoro-

thioate complexes was determined by d i splacement of one metal  ion by another 

and was found to be : 

Pd+2 > Au+ 3 > Cu+ l > Hg+ 2 > Ag+ l > Cu+2 > Bi+ 3 

Cd+2 
> In+ 3 

> zn
• 2  

Pb+ 2  > 

The selectivity in actua l separat ions can be improved i f  the extractant 

used is  a metal di-n-butyl  phosphorothioate rather than the free acid . 

· General l y ,  the metal  di-n-butyl phosphorothioates have a greater chemical 

36 

Radiochemistry of  Mercury

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18572


�o � 2  
go ,  
..J o  

_ ,  - 2  _ ,  0 ' 
Log [�4} 

Figure 12. Extraction of  metal ions from HaS(), with di-n-butyl phospharolhiaic ocld • 
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P19urell: Extraction of metal lo.,s from HO with di..,..butyl phosphorolhiaic acid • 

Otwcuoic pho ... 0.22 1 M  (CJf,Olsl'tO)SH lo CCI, 
A- ........ (HOj, " ollown (•olal loftj , 0.5 _, ... 
V ...... of each plla .. , S ..&. 

S.. pege 201 lor copyright citation. 

stab i l ity and , accordingly,  are less subj ect to undesirable  hydrolysis  and 

oxidation reactions as compared to the free acid . Thus , the use of a metal 

di-n-butyl phosphorothioate as an extractant for those metal ions that are 

higher in the displacement series can be of advantage . 
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Tab l e  XV.  E ffect of s o l vent on d i s t r i but i on rat i o  of Hg
++

. 

D i s t ribut i on Rat i o  D 
Solvent O . OSN I !Cl  O . SN HCl 

I soamy l a l coho l 9 , 000 � 1 0 , 000 
n- Butyl  a l coho l �1 0 , 00 0 � 1 0 , 000 
Benzyl a l coho l 2 , 800 �1 0 , 000 

I soamy l acetat e 4 30 920 
Ethy l acetate 400 600 

I sopropy l ether 220 290 

Carbon tetrach l oride 1 0 0  4 , 800 
o - D i ch l oroben z cne s �1 0 , 000 
Ch l oroform 35 1 , 800 

Benzene 6 1 , 600 
n-Hexane 5 3  �1 0 , 000 
To l uene 1 1 0  �1 0 , 000 
Xy l ene 2 5 2 , 000 

See page 201 for copyright citation. 

Long-chain tria lkyl amincs 8 4  have been found to be poten t  extracting 

agent s for uran ium thion i um ,  the act in ides , and t he rare earths . The 

mechanism of amine extract i on can he described either as an adduct format i on 

between a neutral me tal  comp lex and the ammon i um  s a l t : 

( 1 ) 

or as an an ion exchange react ion : 

( 2) 

where [ (R3NH) �1] X
( ) 

i s  the extractab l e  spec ies . S ince equat ions ( 1 ) 
m m+n 

and (2 )  are thermodynamica l l y  equi val ent , the l ong-chain t ri a l ky l amines are 

often c a l led ' l iquid anion exchangers • . 9 0 

In ana l ogy wi th the adsorpt ion on anion exchangers , t he e l ements ext racted 

with  long-chain tert i ary amines can be c l a s s i fied into three groups : 

1 .  E l ements  that are not extracted (adsorbed) from hydroch l or i c  

acid  a t  any concentration . I n  this  group are the a l ka l i  meta l s , 

the a l k a l ine earths , and the e l emen t s  o f  Group I I I  B of the 

Period i c  Tab l e .  
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2 .  Many e l ements show increas ing extraction with increas ing hydro-

chloric  acid concentration ; some of these e l ements even exhibit 

extract ion (adsorption) maxime . 

3 .  E l ements  whi ch form stab l e  comp lexes with  ch loride i ons  general ly 

show a decreas ing extraction (adsorption)  with increasing hydro-

ch loric acid concentration . Mercury is  a member of thi s  group . 

Speci fical ly ,  the extraction of mercury by tri-n-dodecyl amine (TDA) 

in xylene 8 3 was found to be a lmost quantitative from 1 to 6 !! HN0 3 and from 

0 . 1 to 8 !! HC l  and decreased s l ight l y  at higher aciditie s . 

I n  solvent extraction experiments using methyl -di-octy l amine (�IDOA) 

in ch loroform9 1 the distribution coe fficient of mercury again decreased with 

increasing nitric acid concentrat ion in · c l ose ana logy to the behavior 

described above and to the anion exchange behavior in nitric acid . 9 2 Under 

the experimental conditions of this study , the d istribution coefficient of 

mercury ranged from ·1  at 0 . 2 !! HN0 3 to - 10- 2 at approximately 6 N in I IN0 3 

and thus were too low to be analytica l l y  use ful . 

Without giving deta i l s  for a procedure , Wi l l ard and Perkins 9 3 state 

that the high molecular sal t s  which precipitate when tetrapheny l phosphonium 

ch loride , tetraphenyl arsonium ch loride , and tetrapheny l st ibonium chloride 

react with mercuric chl oride can be extracted from an aqueous so lution into 

ch loroform . Also  precipitated and thus interfering are the anions SnC 1 6
- ­

CdCl .. -- . ReO .. 
- , Teo .. 

·
, l.fno .. 

·
, 1 0  .. - . C lO  .. - , and B F  .. - . Apparen t ly ,  the 

extraction of such salts  can be accomp l ished without d i fficulty at acidities  

up to - 1 N and that free nitric  acid must be neutra l i zed . 

( 1 0) I on Exchange Behavior of  �1ercury 

9 1t- 9 8 A review o f  the standard reference works on ion exchange and the 

pertinent anal ytical  l i terature revealed that most of the work reported on 

mercury was part of a more general investigat i on on the behavior of some 60 

"most common" e l ements that the maj ority of papers on mercury ion exchange 

dea l t  with  anion exchange sys tems . 
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In  the fo l l owinr, an at tempt was made to col lect the fai r l y  scattered 

i n formation on the exchange behavi or of mercury and to present those facts  

wh i ch are o f  potent ial  va l ue t o  the  radi ochemist . 

a .  Ani on Exchange Behavi or of Ch l oro Compl exes 

Ande l in and Davi dson 9 9  compared the adsorp t i on of mercur i c  i ons and 

cupri c  ions on the weak base anion exchange res i n  Amber l i t e  I R-4 B .  Their 

experimen t a l  resul ts  on the adsorption o f Hg ( I I )  are pre sented in Tab l e  XVI . 

Tab l e  XVI . Adsorpt i on o f  mercur i c  i ons on Amberl ite  I R - 4 n .  

[ lig ++
] [Hg ++

] [H+ ] [It ] H+ 
l iberat ed 

i n  res i n  i n  solution i n  res i n  i n  solut ion 
m/ 1 m/ 1 ++ 

m/ 1 m/ 1 Hg adsorbed 

. o  0 4 . 52 0 . 0040 

0 . 2 2  0 . 000025 4 . 1 2 0 . 0077 1 . 7  

0 . 50 0 . 00049 3 . 84 0 . 0100  1 . 2  

0 . 67 0 . 004 3 3 . 35 0 . 0 1 4 2  1 . 3  

0 . 8 1  0 . 0029 3 . 35 0 . 0 1 4 2  1 . 2* 

1 . 0 1 0 . 0 1 2 0  2 . 55 0 . 0207 1 . 7 

1 . 1 3 0 . 02 1 8  2 . 24 0 . 0 2 2 1  1 . 6  

* See Text 

The experimental  cond i t i ons were as fo l lows : 1 gm res in/ 100  ml aqueous 

phas e , cons tant s t irring , temperature 28 . 3  °c , ionic s t rength 0 . 09 to 0 . 1 0 ,  

equ i l ibrium t ime 8 d ays , except marked * where equi l ibrium was ma intained 

for 16 days . To avoi d  pos s ib l e  pre c i p itat i on of bas i c  mercury s a l t s , the 

s o l ut ions ini t i a l l y  were at pH of about 2 and the res i n  was 4 to 5 mo lar 

i n  hydrogen i on . After 8 days , a l arge fraction of the mercur i c  i on was 

ads orbed on the res in . The rat i o  of hydrogen i on l iberated to mercur ic  

ion adsorbed was  greater than unity . 
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The P,reater affinity of the res in for mercuric i on as compared to  

cupri c  ion i s  in accordance w i t h  the rel at ive affinity o f  ammonia for these  

two ions : 

Ho++ ) ++ 
, + NH 3  � Hg (NH 3  l o g  K 8 . 8  

l og K • 4 . 1 5 

A more frequent ly used anion exchan�e res in  is Dowex - 2 .  Hicks and 

co-workers 1 0 0 stud i ed the qual i t at ive anionic behavi "r of a number of m�t a l s  

o n  a Dowex- 2  column .  The meta l s  were segregated into P.rou�s accordin� t o  

their elution behavior w i t h  3 � I IC I O �t  , 1 � N H  .. Oi l ,  1 t!_ UaOH , and various 

concentra t i ons of I ICI . An e l ement was cons idered to e lute i f  4 m l  o f  solvent 

(4 free co l umn volumes) e luted the e l ement comp l et e l y .  I f  t h e  e l ement 

was undetected in the e l uat e ,  or i f  a smal l fract ion of tha t adsorbed was 

found , the next e lutin� agent was tried . Tab l e  XVI I summari zes the resul t s  

o f  t h i s  inve s t i r,ation . 

Tab l e  XVI I .  E l ut i on of  e l ement s from Dowex- 2 ani on exchan�e res in . 

E luting Agent 

12 M HC I 

6 - 9 M IIC I 

3 - 6 M I ICI 

- 3 M HCI 

b e l ow 0 . 0 1  M BC I 

3 !of I IC l O�t 

1 M NH�tOI I 

1 M NaOH 

not e l uted 

E l ements  E luted 

a l ka l i  meta l s ,  a l kal ine earths , Sc , Y, Ti ( I I I ) , 
V ( I I )  ( I I I )  ( I V) , �;i ,  As ( I I I )  (V) , Se ( I V) (VI ) , Tl ( I ) , 
Pb , Bi , Cu ( I I )  s low l y ,  A I , Cr ( I I I ) , Te ( I I ) , �tn ( I l )  

Ti ( I V) ,  V (V) , Ag* , Ta* , Pt ( I I ) , Zr , Hf 

Fe ( I I I ) , Co . Ge , Nb* 

Zn , Ga , Mo (VI ) , I n ,  Sn ( I V) , Te ( I V) ( V I ) , Au ( a s  Aui i ) ,  
Pb ( I I )  

Sn ( I I ) , Hg ( I I ) , Sb (V) s l ow ly 

Po , Cd , Sb ( I I I ) , Sb (V) s lowly  

Pd , Ag , Sb ( I I I ) , Sb (V) 

w 

Tc* , Ru , Rh , Re , Os , I r ,  Pt ( I V) , Au ( I I I ) , T l ( I I I )  

* in trace concentrat ion onl y  
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Kraus and Ne l son9 8 • l 0 1 determined the variation of the distribut ion 

ratios of some 60 e l ements on Dowex- lx8 as a function of the hydrogen ion 

concentration of the aqueous phase . The results  of this  invest igati on are 

summari zed in Figure 1 4 .  

Since the activity coefficients of  LiC l and HC l  in  the res in phase 

do not di ffer appreciably ,  i t  was ant icipated l 0 2 that the adsorbab i l ities 

.lf e l ements in LiC l  are very s imi l ar to those in HCl solutions of the same 

mol arity . Surprisingly ,  the adsorpt ion of metal ions from LiCl so lutions on 

Dowex- 1 was found to be great l y  enhanced over those from HCl solut ions of 

the s ame molarity . There i s  no exp lanation for thi s  behavior at thi s t ime . 

Mizumachi l 0 3 studied the adsorption o f  mercuric ions in mixed HC l -

LiCl solut ions on a n  anion exchanger and confirmed in a general way the 

observations of  Kraus and Ne l son . 9 6- 9 9  

In a study o n  the fixation of compl ex ch lorides on Dowex- 2xl 0 ,  

Tremi l l ion l 0 4 found that the amount o f  mercury ( I I )  retained in the res in  

exceeded great ly its  theoretical  capacity for a s ingly  charged ion .  He 

explains  this observat ion as fol l ows : On one hand , the exchange equi l ibria 

[HgC1 2] a.q - + [C l  ] res in � [HgC l )] resin ' and 

[HgC l 2l aq + [ 2c 1 - l resin ;poe [HgC l �-
] resin 

Figure 1 4 . Adsorpt ion o f  the e l ement s from 
hydrochl oric  acid . 
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proceed almost quantitatively from left to right . On the other hand , the 

concentration of undissociated HgC1 2 is of importance in that it  enters the 

resin with a constant partition coefficient which must be of the order of 

unity. In the presence of NaCl in solution , however , the concentration of 

HgC1 2 is decreased by formation of HgCl]  and HgCl�- . The amount of resin 

retained by the resin then is expected to decrease with increasing NaCl  

concentrat ion which was shown experimenta l ly to  be  the case.  

In  an ion-exchange analysis  scheme l O S  for the rapid ( <2 hours) 

separation of some forty elements ,  mercuric ion is adsorbed on a 200-400 

mesh Dowex- 2xl0 chloride column and is e luted sequential ly with Mo , Tc , 

Ru. Ag .  Cd. 1f, Re . Os . I r .  and Au with 0 . 1 N I IC l .  

b .  Anion Exchange Behavior of Bromo Complexes 

Anderson aad Knutsen l 06 made a c9BParative study on the adsorption 

on Dowex- lxS of cations with an IS-electron configuration from HCl and 

HBr solutions . Cations with an IS-electron configuration are said to have 

a tendency to form bromo comp lexes rather than chloro or fluoro complexes . 

In the concentration range 1 ! to 7 ! in HBr . mercuric ion was found to be 

somewhat stronger adsorbed than from IICl solutions of the same mo larity . 

The dependence of the distribution ratio on acidity in I !Br has the same 

features than that in HCl solution. namely it decreases s lowly when the 

acidity changes from low to high values . as shown in Figure 15 .  

The distribution of trace mercury ions between Dowex- 1 and solutions 

of HCl . LiCl . LiBr . and NaCl . NaBr . and Nai was studied by �!arcus and 

E liezer1 07 . The general trend of distribution coefficients was found to be 

0 (1 )  > D( Br) > D (Cl)  and is  presented in Figure 1 6 .  

c.  Anion Exchange Behavior of Fluoro Complexes 

The elution characteristics of some 50 e lements in hydrofluoric acid 

solution from 200 mesh Dowex- lxlO were studied by Faris l O B  and are 
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Figure 15 . Adsorpti on of some e l ements with 18 e l ectron configurat ion and 
of Sb ( I I I ) , Pb ( I I )  from HBr and HCl solut ions • 
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Figure 16 . Distribution coefficients ( log D) of  mercury ( fi l led points) , cadmium (ha l f­
fi l l ed points )  and zinc (emp�y points)  vs . hal ide mol arity : 6 l ithium chl oride , 0 sodium 
bromide , and Vsodium iodide solut ions . 
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summarized in Figure 17 . The adsorbab i l ity of every element that foras 

an ionic complex in hydrofluoric acid decreases with increas ing acid 

mol arity with the exception of niobium. 

Since the me thod of analys i s , spectrography , required evaporation 

of hydrofluoric acid solut ions on copper e l ectrodes , i t  was not possible 

to recover quant itative ly  the mercury ( I I ) at al l acid concentrations , 

probab ly due to vo lati l i zation . 

The e l ement s in the center of the s econd and third long rows of the 

periodic system (ruthenium to cadmium and osmium to mercury) fora very 

strong chloride complexes and weaker fluoride complexes . In the presence 

of s igni ficant amount s of chloride ions , hydrofluoric acid is not expected 

to affect apprec iab l y  their adsorbabi l ities on an anion exchange resin. 1 0 9 

In a scheme for the rapid separation of so•e thi rty e l ements entirely 

by ion exchange techniques , mercury is  adsorbed on a Dowex - 1  column from 

di lut e  ( - 2� HF and thus separated from the bulk of the other e l ements 

110 - - 110  -- , _  ... ... "' 
k - - IUINT -a11l -.· - _ ' _ DISt _r. •• Hlil-1-111� 

�mtiiHlWiffi 
• I C. I k Ti L' '1 I I  Cl j  "" L .. l c. I I I ,. I I I '"" I I "' 1 I o.u Go .. I I " • 

_L H .... I I I  I I 1.! I a l i  I a l 1 � I al I , .1 u I I I · .� ·.· ' ]';.. .L ...I I I I  - I :-.":"'. - �  :-r . ·-n ... _ 1._� P. �- + I I I  I I  m:- �- I • I l l  ill ! I I Il l  I" II ... 

" I " I I I  ' z, l l ! ... l ... Tc 1 "" I ll ... , I I  ":'Il l .. , I co Il l  .. , '" 1•1 "!l i To I I 
11 I II I I J I I I I m I Il l  I all i l  I I al l  ! Ia ·- ... !..'. 1 ... ... _ 1K I I I �� . _I Sir . .... ...... ,.. _ ... IN.. �[,l, l I J 
11 I Il l  I I  f I I I I  I I  -�� I I  I I  I I  I 1 1 1 1  I I  I l l  �I I  I 

.. Il l  II( I "' Il l T' l • l � ... I 1 o. I " I I  "' II I .. II "' I  n il '- Il l lli i! J "' AI 

I l l !  I I l_m I j'j:: � �· I I I '  I mt I 1 •1 II J!� l Jal l  I IIl i I 1 -• ":'• I I '-,l l I' I' l ' I I d ' i'·Ti i ":"'  I 1 ':'" - f,-. -:-.-. 1 I � · I I 1 1 r I I I l l  I I I I  i f  I I I l l  '\.. .� I I I  I I  I I  I I  I I 

fil ! :lil l 1111 1 1111 1 1111 1 1mtil l llil ! llll 
Figure 1 7 .  Removal of elements from solution in 1M to 24M hydrofluoric 

ac id with 200-mesh anion exchange res in . 
S.. pege 201 lor copyright citatiOn. 
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studied . 1 1 0 The e lut ion of mercury i s  accompl ished with 20 ! HF . This 

parti cular separat ion scheme was developed for activation analys i s  app l i cat ions . 

d .  An ion Exchange Behavior of Mercury in the Nitrate System 

The adsorption characteristics of some 60 e l ements in nitric acid 

solut ion were stud ied by Buchanan and Fari s l l l  and by I shikawa92 with a 

strong-base anion exchange resin and are summari zed in Figure 18 . 

Ll llo 
I I  I I 

NO ADI .. ... 

No ""' I I  I I 
NO 401! NO AOI. 

g tit 
.. .... 

a Sf ' 
I 

.. .. . 

"' 
u ·  • •  ; .  a . 
9 '  0 •• 

S< l  I"'' 
.. ... 

y 
m 

.. ... 

NO AOS. � JiiO AOJOtltrTO. 'MMII 1 • 1 4 W  � 
Sl,.. 401. • SLIGHT AOSOIU'TlOfil 

Ru �t�� I J I !"' I"' .I ... ... 
J:: ll 

� X. Pt 
Ill -s'.' I .. .... 

..J.... 

Figure 18 .  Remova l  of e l ements from solut i on in 1M to 
14M nitric acid with a strongly bas ic anion­
exchange res in . 

Most elements are not adsorbed in the range from 1 to 14 M o f  acid . Mercury ( I I )  

is  decreasing l y  adsorbed wi th increasing acid concentrat ion . The adsorbabi l ity 

of an element can be increased by decreasing the die l ectric constant o f  the 

aqueous phase by addition of organic compounds such as alcoho l s  or ketones . 

Fritz  and Greene 1 1 2 found that the ad sorption of element s from mixed nitric 

acid-isopropyl al cohol solutions is great ly  enhanced over that from nitric 
. 

acid alone . Some representat ive examp les are l i sted in Tab l e  XVI I I .  
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Tabla XVlii. D1atr1but1oa Coeff1c1.cta &ad Elution Yo1u.ea 
1D 1 . 511 BIIOfll5% leoproP7l Alcohol OD Aaberlyat 111-1002 

D1etr1but1oa coeff1c1.ct , Elution w1u.e , al. , 
0 . 1  -1•/50-al. on 16-ca. col-, 

Metal Ion load 0. 2s-1a loacl 

Ka (ll) 2 . 3  7S 

Ca (ll) S6 

Sr (II) 1117 

Sc ( III) 22 

T (III) liS 

Zr( IY) 16 

T1 (IV) vltb ' · '  220 

8202 
Y ( IY) 6 . 7  100 

Y (Y) lS •200 

IID ( II) 6 . 7  130 

Pa (III) 3. 3 140 

Co (ll) s . 11  110 

li( II) S . 4  110 

Cu(II) 14 17S 

ZII (II) 3.2 110 

Cd (ll) 6S 

ll& (ll) 2211 

Aa ( I )  1 7  

Al (lii) 2 . 6  120 

Ca ( Ill) 3.11 130 

ID (Ill) 9 . 1  lSO 
Pb ( ll) uoo 
11 (III) 1300 
Tb ( lll) liS 

Dy ( Ill) 1110 

S.(Ill) 1166 
lcl ( lll) 2200 

La(lii) S900 

Sea pege 201 for copyright citation. 

e .  Anion Exchange Behavior of Mercury in the Tartrate System 

The feasibi l ity of separating transition metals  as tartrate complexes 

on an anion exchanger was estab l ished by Morie and Sweet . l l 3  For examp l e , 

microgram quantities of Zn , Cd , and Hg,  as tartrates , could be separated 

c l ean ly  on a 4 , 5  em long and 0 . 8  em i . d .  column of 200-400 mesh Dowex- 2x-8 

at pH of 2 . 5  as shown in Figure 1 9 .  

Th e  variation o f  the dis tribut ion coefficient K0 o f  mercury a s  with pH 

and tartrate concentration is shown in Figure 20 .  
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Figure 1 9 .  Elut ion of zinc , cadmium, and mercury . 

Figure 20 . Variation of the distribution 
coeffic ient for mercury with pH and tar­
trate concentrat ion . 0 - in 8 . 5 . 1 0-2 M 
tartrat e ;  I:J - 4 . 25 . 10

- 2 M tartrate ;  
A - i n  2 . 1 2 . 1 0- 2 M tartrate ;  x - in 

2 . 1 2 . 1 0
- 3 M tartrat e .  

Cat ion Exchange Behavior o f  Mercury in Hydroch l oric and Perch loric 

Acid Solution 

The first systemati c  study of the cation exchange behavior of mercury ( I I )  

o n  Dowex-50W-X8 (50- 100 mesh) from hydrochloric acid solut ion was carried out 

by De and Maj umdarl l �  who estab l ished that mercury can be recovered quant i -

tative l y  from the cat ion exchanger b y  e lution w i t h  0 . 5-4� hydrochl oric acid , 

1 . 5-4N nitric acid , 3-4N sul furic acid , and 3-4N ammonium acetat e .  The e luting 
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anents can be arranged in order to decreas i n g  effi c i ency as : 

As part of an attempt to dev i s e  an ion exchan�e ana l y s i s  scheme , 

adaptab l e  to trace and micro concentrat i ons and embracing es s ent i a l l y  a l l 

e l ement s ,  !l:e l son , Hurase ,  and Kraus 1 1 5  s tudied the cat i on exchange behav ior 

o f  some 60 e l emen t s  on Dowex 50-X4 both from hydroch l ori c acid and perc h l oric 

acid s o l ut ion . The ir resu l t s  are summari zed in Fi gures 21 and 2 2 .  The l arge 

d i fferences in adsorbab i l i t ies in these two med i a  part i cu l ar l y  at h i gh ion i c  

strength a r e  s triking and may lead to new s epara t i ons . 

The ad sorbab i l ity of mercury on Dowex 50-X4 as a funct i on of mo l ar i t y  

o f  hyd roch l or i c  and perch l or i c  acids i s  presented in Fi P,ure 23 . 

Figure 23 i l lustrates the principle involved in cation-exchange 

separat ions1 1 6 - 1 2 0 of aercury froa other ions : most cations are retained 

on the resin while  aercury is  only faintly adsorbed and can easi ly be 

eluted with dilute hydrochloric acid. 

Mercury can be separated rapidly l 2 0 fro• Cd , Zn , and Cu by adsorbing 

these eleaents in dilute acid solution on a 200-400 aesh Dowex SO-X4 coluan , 

16 em long and 7 mm inside diameter, and eluting them with 0 . 4  N HCl in the 

order shown in Figure 24 . 

FtJt. u. \d50rption of the clements from 1 1('1 !tOiul ton"' 
Uy " cation excha nge resin 
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:. � Hg ( D ) 

� l \ 0 t 
• 

i r � �u�- 1 ... ' a: I 

:;; HCI 
0 3 6 9 1 2  

�'I' OF liClO 

Fi �ure 23. Di s t ribut ion coe ffi c i en t s  for Hg ( I I )  a s  a func t i on o f  acid mo l arity . 

c:: 
0 ..... ... � .... ... 
c:: fll g Hg Cd 
0 u 
fll 
> ..... ... "' .... 
fll 0:: 

�li l l i l i t e rs o f  E l uant 

Figure 24 . E l ut ion sequence of Hg , Cd , Zn , and Cu from a Dowex 50- X4 col umn .  
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The presence of quantit ies of phosphoric acid equival ent to SO mg of 

phosphorous per mi l l i l iter of solution no observab le  change in e l ution was 

obt ained for any of the three ions . From an analytical standpoint , the 

re lative amount of phosphorous wi l l  rare l y ,  i f  ever , exceed this amount . 

Quant i t ies o f  sul fur as sul fate equival ent to that of the pos i t ive i ons 

present about S mg/m l , had also no observable e ffect on the e l ut i on curve . 

I t  has been known for a l ong t ime that amino polyacetic  acid type 

compounds , such as EDTA, form very stab le chel ates with a l arge number of 

metal i ons . An app l i cat ion of the chel at ing property o f  EDTA to i on exchange 

separations has been publ ished by Frit z  and Umbreit . 1 2 1 These authors used 

short Dowex SO columns to fi lter cationic species out of solut ions contain-

ing a mixture o f  e l ements plus EDTA . The retent ion o f  cati ons by the res in 

is a rather sharp function of the pll ,  as shown in Figure 2S , yet there i s  

suffic ient di fference between certain mixture s  of e l ements t o  a l l ow s imp l e  

and rapid separat ions to b e  made . 

'" 

Figure 2S . Retention o f  di fferent metal ions by Dowex- SO resin as a 
function o f  pll o f  solut i ons containing EDTA . 

g .  Cati on Exchange Behavior of Mercury ( I I )  in Hydrobromic Acid 

Mercury ( I I ) , b ismuth ( I I I ) , and cadmium ( I I )  can b e  separated from 

most other metal cat ions by e l ut ion from a 160 mm Dowex-SOW-XS ( 1 00- 200 mesh) 

cat ion exchange column with 0 . 3  to o . s  � hydrobromic acid . 1 2 2  The e l ution 
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behavior of individua l  metal ions from a 1 2  X 160 mm Dowex-SOW-X8 col \all 

with o. s � hydrobromic acid is summari zed in Tab l e  X I X .  

T•b le  X I X. E lut ion of individual •ul ions froa 1 . 1  • 16 c• Oowex S OII-XI 
cat ion exchan�e colu.� ul in« O . SN ttlr. 

o . s· t unr . �n . O . SN Hlr ,  N l .  

'� t a l  A red.· E lut ion �let a  I Break- E lut ion 
! on thrOU«h co-r tete Jon throuch ca.rlete 

A I  >ZOO Na 0- 10 '200 

Au( l )  80 1 4 0  Ni  >Z OO  

Ra > 200 Pb ( l l )  1 00 Z 4 0  

Be 60 >200 Sb ( l l l )  0- 1 0  I ZO 

Ri ( l l l )  0· 1 0  60 Sc •zoo 

c. > Z OO Sn ( VI )  40 1 4 0  

Cd 20 100 Sr •zoo 

Co ( I I )  >200 Th •zoo 

Cr ( l l l )  >ZOO Ti (VI ) •zoo 

Cu( l l )  >200 U(VI ) •ZOO 

Oy >200 V(V)  1 80 •zoo 

Fo ( l l ) >ZOO y >200 

Fe ( l l l )  >200 Zn •zoo 

ca >ZOO Zr >200 

H' ( l l )  0- 1 0  40  

I n  >ZOO 

0- 10 >ZOO 

La >ZOO 

Lu >ZOO 

Na �00 

"' ( I I )  �00 

Mo (VI ) 0 - 1 0  140 

See page 201 for copyright citation.  

Using di fferent concentrat ions o f  hydrobromic acid ( 0 . 1 to 0 . 6  � as 

eluent , mercury ( I I } , bismuth , cadmium , and lead ( I I }  can be separated from 

each other and from other metal ions as can be deduced from Tab le XX . 

h .  Cation Exchange Behavior of Mercury ( I I }  in Hydrofluoric Aci d  

Th e  use of hydrofluoric acid a s  eluent for separating meta l  cati ons on 

Dowex- SOW- X8 ( 100- 200 mesh} res in has been reported by Fri t z ,  Garra l da ,  and 

Karraker . l 2 3  Metal cat i ons can be separated into groups that form fluoride 

comp lexes and are rapidly e l uted and those that remain on the co lumn ;  

52 

Radiochemistry of  Mercury

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18572


Tabl a  XI, E lution of Individual Ions ,...,. I . Z a 16 ca. o-a SOW-XI cation 
uchan,. col._• with Hlr . 

"• •z Bl
. , c.�• z 

H8r Break- Break- Break-
Concn • •  throuah , Elut ion throuch , Elution throu1h, 

!01 al . Hlr coap lata al . Hlr coaplata al . Hlr 

0 . 1 0- 1 0  60 10 zzo >ZOO 

o . z  0- 10 60 zo 1 20 1 60  

0 . 3  0- 10 co 0- 10 60 10 

o . c  0- 1 0  60 zo 

o . s  0- 10 co 0- 1 0  60 zo 

0 , 6 0- 1 0  zo 0- 10 co 0- 1 0  

a 
Eace11 l ead  precipitated w i t h  Hlr prior to c o l ._  l oadlna. 

See page 201 for copyright citation. 

Elut ion 
coap l eta 

310 

•ZOO 

I ZO 

100 

10 

Pb• Z 

Break-
throulh , 

al . Hlr 

•ZOO 

1 10 

1 00 

60 

co• 

Elution 
coaplata 

>ZOO 

zco 

zco 

tco• 

mercury be l ongs to the latter group . The e l ution behavi or of some metal 

i ons can be changed by varying the concentration of the hydrofluoric acid 

eluent , as shown in Tab l e  XXI . 

Tab l e  XX I .  Elut ion of eetal ions froa a 12 a 60 • cation exchanae col.-.. 

u• Fon Resin 

0 . 1�1 I IF, HI . l . OH  HF,  M I .  

'4e t a l  Break· E lution Break· E lution 
I on through caoop lete throu&h coaplata 

A< ,. 200 •200 
AI 0 - 2 0  1 6 0  0-20 60 
As ( I l l )  0-20 >ZOO 0- 20 100 
a. > 200 0-20 1 60  
• •  > 2(1() > ZOO 
R i  > 200 co-60 >200 
(a > 200 0-20 •200 
Cd 0- 20 110 0-20 BO 
Co ( I I )  > 2 00 >200 
C r ( I I I J  • 200 >200 
Cu ( l l )  >200 > 200 
Fe ( I I ) >200 1 10- 200 2CO 
Fe ( I l l )  >200 0- 20 1 60 
r.a > 200 0-20 1 60 
ua ( l l l  >200 C0-60 160 
I n  > 200 >200 
La >200 > 200 
.... > ZOO >ZOO 'tl ( l l )  1 10-200 > 200 0-ZO 60 
No (Vl ) o-zo co 0- ZO 
Nb 0-ZO co o-zo 
Nl > 200 >200 
Pb ( l l )  > 200 1 00- 1 20 >ZOO 
Sh ( l l l )  20-CO >200 0- 20 1 00  Sc 0-20 80 Sn ( I V) 0-20 60 
Sr > 200 o-zo 1 60 
Ta o- zo co 
Th >ZOO > ZOO 
TI ( I V) o-zo 10 
U(Vl ) 0-20 110 0- ZO 1 00  
V ( V) >ZOO o-zo 1 20 
W(VI) 0-ZO 60 
y > ZOO >ZOO 
Zn >ZOO o-zo 100 
Zr 0- ZO ICO o-zo 1 00 

See page 201 for eopyright citation.  
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i .  Cat ion Exchange of Mercury in the Thiocyanate Systn 

Mercuri c ions are weakly adsorbed on a certain exchanger such as 

Aaberl ite I R- 1 20 in the thiocyanate fo� . 1 2 � For exa.p l e ,  SO mi l l i.oles 

o f  Hg could be e l uted quantitative ly from a 40-60 mesh col u.n ,  1 3  .. wide 

and 160 .. long ,  with 150 •1 of o . s  percent thiocyaaate solution . An 

applicat ion of this behavior for rapid mercury separat ions is  suggested 

in  Figure 26 . 1 2 � 

....... :J I,..--4.!�--. .1�� 
.... 
§ ,  

Figure 26. Elution of several cations w1 th thiocyanate. 

In contrast to the behavior on a cation exchanger in the thiocyanat e 

form, mercury forms readily  Hg (SCN) 4- comp lexes with an exces s  of  thio-

cyanate ion . This  complex is strongly adsorbed on an anion exchanger such 

as Amberl ite I RA-400 12 � , a behavior which could be ut i l i zed to retain •ercury 

on a column anq thus separating it from other ions . 

j . Cation Exchange of Mercury in the Sul fate System 

Information on the cation exchange behavior of mercury , in fact 

of most e lement s ,  is  scarce . Strelow l 2 5 ha s measured cation exchange 

equi l ibriu. coe fficients with lio-Rad Ag sow-xs , 1 00- 2 00 mesh , froa 0 . 1  N 

to 4 . 0  ! sul furic acid at a total aaount of cation to total resin capaci ty 

ratio q • 0 . 4 .  Since syste•atica l l y  co��pi l ed data o n  distribution coefficients 
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are useful to the radiochemist  for p lannin�t separations , Stre low ' s  data are 

reproduced in Tab l e  XXI I .  

Tabl e  lll l .  s-ry o f  .... equl l ibrl .. di stribution. coefficients .  

Cation O , IN 0 . 2N O . SN 1 . 0N 2 , 0N 3. 0N 4 . 0N 

La ( l l l )  > 1 0  .. >10'" 1860 329 68 24 . 3  1 2 . 1  
Ce ( l l l )  > 1 0-. ,. 1 0  .. 1800 3 1 8  66 23. 8 1 1 . 8  
Se ( l l l )  > t O" ,. 10' 1460 269 56 20 . 1  1 0 . 0  
Y ( l l l )  >tO" >JOlt 1 380 253 4 9 . 9  1 8 . 0  9 . 4  
Yb ( l l l )  > 1 0  .. ,. 1 0  .. 1 330 249 48. 1 1 7 . 3  8 . 8  
Gd ( l l l )  ,.10,. ,. . 0  .. 1 390 246 4 6 . 6  1 7 . 9  8 . 9  
Er(l l l )  > 1 0  .. • tO'" 1 300 24 2 4 8 , 6  1 6 . 7 a . s  11 ( 1 1 1 ) .  > 1 0  .. >tO" 6800 235 32. 3 1 1 . 3  6 . 4  
Ga ( l l l )  > 1 0  .. 3500 6 1 8  1 37 26, 7 1 0 . 0  4 . 9  
A l ( l l l )  ,. 1 0" 8300 540 1 26 27 . 9  1 0 , 6  4 .  7 
H. ( l l )  7900 1 7 90  321  103 34 . 7  16. 8 1 2 . 2  
I n (  I l l )  > 1 0  .. 3 1 90 376 87 1 7 . 2 6 . 5  3 . 8  ... ( 1 1 )  1590 6 1 0  1 6 5  5 9  1 7 . 4  8 : 9  s . s  
Fe ( I l l )  • t O'" 2050 255 sa 1 3 . 5  4 . 6  1 . 8  
Cr ( l l l )  1 98 176 1 26 ss 1 8 . 7  0 , 9  0 . 2  
Til ( I V) > 1 0" 3900 263 52 9 . 0  3 . 0  1 . 8  
Tl ( l )  452 2 36  97 49. 7 20. 6  1 1 . 6  8 . 7  
Tl ( l l l )  6500 1490 zos 4 7 , 4  1 2 . 0  7 . 2  5 . 2  
V ( I V) 1 2 30  490 140 46 , 6  u . s  2 . 4  0 , 4  
Nl ( l l )  1 390 590 140 46 . 0  1 6 , 5  6 . 1 2 . 8  
Fe ( l l )  1 600 560 1 39 46 . 0  1 5 . 3  9 . 8  6 . 6  
Cd ( l l )  1 4 20 540 1 44  4 5 , 6  1 4 , 8  6 . 6  4 . 3  
Zn ( l l )  1 570 sso us 4 3 . 2  1 2 . 2  4 . 9  4 , 0  
Co ( I I )  1 1 70 433 1 26 4 2 . 9  14 . 2  6 . 2  5 . 4  
Cu( l l )  1 310 sos 1 28 4 1 , 5  1 3 . 2  5 , 7  3 , 7  
Na ( l l l  1 300 484 1 24 41 . 5  1 3 , 0  5 . 6  3 . 4  
Sc ( l l l )  5600 I OSO 1 4 1  34 , 9  8 . S  4 , 4  3 , 4  
le ( l l )  840 lOS 79 27 . 0  8 , 2  3 , 9  2 . 6  
Cs ( l )  175 108 52 24 . 7 9 . 1 4 . 8  3 . 5  
Rb ( l )  1 48  !II 4 3 . 8  2 1 . 3  8 , 3  4 , 4  3. 1  1( 1 )  1 38 86 4 1 . 1  1 9 . 4  7 , 4  3 . 7  2 . 9  lUI( I l l )  80 4!1, 3 z a . s  1 6 . 2 4 . 5  2 . 2  1 . 3  
Pd ( l l )  109 71 32 . 5  1 3 . 9  6 , 0  3 . 8  2 . 7  Hf(IV) 2690 1240 160 1 2 . 1 1 .  7 1 . 0  0 . 7  
U(VI) 596 I l l  29. 2 9 , 6  3. 2  2 . 3  1 . 8  
Tl (IV) 395 225 4 5 , 8  9 , 0  2 , 5  1 . 0  0 , 4  
Ra ( l )  8 1  47 , 7  20 . 1  8 , 9  3. 7 2 . 6  1 .  7 
U ( l )  4 8 , 0  11. 2 1 1 . 7  s . a  3 , 0  1 . 6  1 . 1  Te(IV) Ppt .  30 , 8  9 . 8  s.z  2 . 6  0 , 6  0 , 3  Zr(IV) 546 474 98 4 , 6  1 . 4  1 . 2  1 . 0 
V(V) 27. 1 1 5 . 2  6 , 7  2 . 8  1 . 2  0 , 7 0 , 4  llb(V) 14 . 2  7 . 4  4 , 0  1 . 9  0 , 7  o . s  0, 3 
No(Vl) Ppt . 5 , 3  2 . 8  1 . 2  0 . 5  0 , 3  0 . 2  
Sc (I V) <0 , 5  <0, 5  <O. S  <0 . 5  co . s  <O. S  <0, 5 
As ( I l l )  <0 , 1  <0. 1 <0, 1 <0, 1 <0. 1 <0 , 1  <0, 1 

• Detenined for q • 0 , 06  becauH of llllited aolubll lty, 

See page 201 for copyright citation. 

k .  Cation Exchanse Behavior of Mercur� on Inorsanic Ion Exchansers 

from Nitrate Solutions 

Recently  four inorganic compounds ,  hydrous zirconi\111 oxide , zirconi\111 

molybdate ,  zirconium phosphate ,  and zirconium tungstate , have become 

commercial ly avai lable  as ion exchangers . The latter three compounds are 

sufficiently acidic to act only as cation exchangers . In acid solution , 

i . e . , at pH l evels  below the i soelectric point , the posi tive ly charged 

polymer is e l ectrical ly neutra l i zed by exchangeabl e  anions , thus acts as 

an anion exchanger . At pH leve l s  above the isoe lectric point , the hydrous 

zirconium o�ide polymer is negatively charged and is e l ectrical ly  neutra l i zed 
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with exchar.geab le  cations . In Figures 27 , 2 8 ,  2 9 ,  and 30 the exchange 

characteristics are summari zed of some 60 elements on hydrous zirconium 

oxide , zirconium molybdate , zirconium phosphate , and zirconium tungstate , 

respectively . 1 2 6 For organic  ion exchangers , the adsorption behavior of 

a given element is  usual ly reported in terms of a distribution coefficient 

as a function of the acid molarity of the solut ion containing that particular 

ion . The same notat ion was used to describe the behavior of inorganic  ion 

exchangers . 

In Figures 27 through 30 the di stribution coefficient is defined as 

the amount of  metal ion adsorbed per gm of exchanger/amount of metal ion 

per mi l l i l iter of contacting solut ion . The exchange behavior of mercury ( I I )  

was studied up t o  a pH of - 3 on al l four exchangers , because o f  precipita­

tion of basic  salts  at higher pi! values . 

The mechanism of  retention of ions from nitric acid solut ions on 

speci fical ly prepared Mn02 columns 1 2 7 is probab ly a combination of ion 

exchange and adsorption-desorption proces ses . The resul ts of a study on 

the adsorption of some sixty elements on Mn02 , presented in Figure 31 , was 

reported using ion- exchange terminology , i . e . , distribution coefficient as 

a function of acid mo larity .  

For the  purpose of this monograph , �mo2 is considered an  ' inorganic ' 

ion exchanger . It should be noted that the dependence of the distribution 

coefficient on acid molarity shows only two types of variat ion : decreasing 

or increasing with increasing acidity ,  never exhibi t ing an adsorption peak 

at a particul ar acid normal i ty .  Al so , no de finite trend i n  adsorption 

behavior is evident among e l ements of similar chemical behavior . 
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Fi gure 27 . Exchange characteri s t i c s  of e l ement s 

on hydrous z i rconium oxide . 
See page 201 for copyright ritation . 

Fi gure 28 . Exchange characteri s t i c s  of e l ement s 
on z i rcon i um  mo l ybdate . 
See page 201 for copyright citation . 
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F i gure 29 . Exchange character i s t i c s  of e l emen t s  
o n  z i rconium phosphate . 
See page 201 for copyright c itation. 

F i gure 30 . Exchange charact eri s t i c s  of e l emen t s  
o n  z ircon ium tung s t ate . (M- 8 ) . 
See page 20 1 for copyright citatio n .  
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Figure 3 1 . Adsorpt ion of e l ements from nitric ac id solutions on Mn02 • 
see page 201 for copyright citation. 

1 . Mercury-Specific Ion Exchangers 

Speci fic ity for a certain ion in an ion exchanger can be achieved by 

incorporat ing into the resin matrix a group or reagent specific for that 

ion . The preparation and performance of several ion exchangers speci fic 

for mercury but containing di fferent mercury-sel ect ive groups have been 

described . 

Res ins which contain mercapto groups , R-S-H , such as polythiol sytrene , 

are high l y  speci fic  fo� e l ements which form mercacapt ides , particul arly for 

mercuric ions . l 2 8 , l 2 9 

I on exchangers which contain mal einy l hydrazide are speci fic  for 

mercury in s l ight ly acid (pH - 1 )  solutions . l 3 0  Cyc l ic ma l einyl hydrazide 

OH 
I !+l 

Hc/ c "- :-; -H 
' :  I 

HC"- C ""X 
I 

0 ! 1  

5 9  
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is a weak monobasic  acid with a pK • s . ss which forms s l ight ly soluble s al t s  

with cations such as Ag
•

, Hg2
2•

, Hg2•
, and Tl

•
. The condens at ion of 

resorcinol with formaldehyde in the presence of maleiny l  hydrazide leads to 

a mercury- speci fic ion exchanger 1 3 0  o f  the st ructure : 

)-rou 
\� fc;r,--
1 'OH 

11 :, 
N-X 

J \ 
HO-C C-OH 

\ I 
HC = C:I 

. ++ ++ 
The 1ons Hg 2 and Hg are quantitative ly removed from acid solut i on (pll 1 )  

when passed over t h i s  resin and cannot b e  e l uted w i t h  2 percent acetic acid . 

However , e l ution with 1 � HCl O � removes the mercury from the resin . Below 

is a procedure for the preparation o f  this res in : 

Preparation of Maleinyl Hydrazide I on Exchange Resin 

Solutions of 0 . 2  moles of resorcino l (22 g)  in 40 ml of water , 0 . 1  mo l e  ( 1 1  g) 

o f  maleinyl hydrazide and 0 . 1 mole  ( 0 . 4  g) of NaOH in 60 ml of water are 

thorough ly mixed . The result ing solut ion should be made alka l i ne by further 

addition of NaOH , if necessary . After adding 70 ml of a 35 percent solut ion 

of formal in in water , the mixture is warmed in a covered porce l ain dish on 

a water bath . Very soon a cl ear ge l i s  being formed which sol idi fies after 

20- 30 hours to a redd i sh-brown bri t t l e  resin which can easi ly be ground . 

Be fore use , the resin should be washed al ternately with di lute I!Cl and NaOH 

t o  remove uncondensed reactants .  The resin i s  not stab l e  even toward di l ute 

Another ion exchanger whi ch contains dimethyl -aminobenzyl idene-

rhodamine as the mercury-specific group has been described by Lewandowski 

and Szczepaniak . 1 3 1 Then authors also pub l i shed a detai l ed procedure for 

its preparation . 1 32 In addition to Hg
• 2 , this ion exchanger adsorbs s trongly 

To elute these ions the fol lowing 
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with SO ml of 1 . 5  � HC l ,  Hg+2 with 200 ml of 2 � HN0 3 ( 2  ml/min) , Ag with 

1 00 ml of 0 . 2  � Na2s2o 3 (in 5 percent Na2co 3 solution) , and Pd+ 2 , Pt•4 , and 

Au+ 3 together with 1 50 ml 3 N HCl .  

1 1 . Chromatographic  Behavior of Mercury 

For a thorough review of inorgan ic chromatography , the reader is  

re ferred to a paper by  We l l s l 3 3  and also  to an  article  by  Wei l l 34 which 

dea l s  exc l us ively with paper chromatography . Advantages of  chromatography 

over many conventional s eparation techniques are the exceptional ly high 

decontamination factors that can be achieved , the method i s  general ly less  

l aborious , and a part icular e l ement , by choosing the proper conditions , can 

be separated carrier- free from al l others present in a single  step . 

In the fol lowing , no attempt was made to categori ze the various separa­

t ion methods for �ercury . The inclus ion of  a particular method in this 

sect ion was based entire ly on speed and completeness of separation . 

In a brief  note , Tewari l 3 5 discusses a paper chromatographic  technique 

for the separat ion of mixtures of ions such · as Cu-Pb-Hg ( I I ) -As-Sb-Sn , or 

Hg ( I ) -Pb-Ag or Cu-Co-Ni . His method consists in using the ascending technique 

of solvent flow on a paper strip , with a modi fication of fixing several 

hori zontal strips at equal distant pl aces from the bottom .  The  mixture of 

ions , on meeting the first hori zontal strip , separates into its components , 

al l of the d i fferent ions being chromatographed on both s ides of the hori­

zontal strip . The solvent front , on moving further up ,  meets another 

hori zontal strip , fixing a few more ions . When the so lvent front has crossed 

al l the hori zontal  strips , the strips are dri ed and sprayed with a suitab le 

reagent . All ions of the mixture are chromatographed on the first ( from the 

bottom) s trip . The number of ions chromatographed becomes less  and less 

in  successive strips , so much so ,  that the last strip contains only one ion .  

1·ne RF values , the ratio o f  the distance of the l eading edge o f  a zone 

to the distance of the solvent front , both measured from the midpoint of 

6 1  
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the original spot , whi ch were determined by this method , were in accord 

with those obtained by other methods . 

In attempt s  to discover yet unknown rad ioactive nuc l ides in the region 

around 1 26 neutrons , Warren 1 36 devi sed a method for separat ing microgram 

quant it ies of Hg , Tl , B i ,  Pb , Pt , Au, Cu, Ni , Co , Fe , Cd , and Pd in 2 to 

20  minutes by ascending paper chromatography . His technique involves the 

use of thick absorbent paper,  having h i gh wettab i l i t y ,  a devel oper of high 

wett ing power , and an atmosphere which i s  supersaturated with vapors o f  

the sol vent . Thi s  procedure i s  reproduced i n  its  entirety a s  Procedure 1 9  

in Chapter VI . Warren ' s  method of separating mercury and gold fra. Ra DEF 

on a cel l ul os e  column 1 3 7 is presented as Procedure 18 in Chapter VI . 

Systemat i c  data on the chromatographi c  behavior o f  metal ions toward 

various developers and di fferent types of paper have been pub l ished by 

Lederer and co-workers . 1 38 , 1 39 Some pert inent resul ts are presented in 

Figures 32 1 38 and 33 . 1 39 

Figure 32 . RF values on so.e anionic ch loro-ca.plexes on various 
cel lulose exchangers with acetone- 2M HCl and ethano l - 2M HCl aixtures . 
{C Oiethyluino ethy l cel lulose , 0 Aainoethyl c e l l ulose, e Whataan 
No . 1 , X Cel lulose phosphate) 

Re l ated both to ion-exchange and to l iquid- l iquid extraction is the 

so-cal led "reversed-phase partit ion chromatography" . The term reversed 

phase ari ses because of the convent ion , particularly in paper chromatography ,  

o f  regarding the organic phase a s  the mob i l e  phase . O ' Laugh l in and Banks 1 � 0 

investigated the use o f  the neutral  organophosphorous compounds tri-n-butyl  

phosphate (TBP) , tri -n-octylphosphine oxide (TOPO) , and bis (di-n-hexyl -

6 2  
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Fiaure 33 . RF values of .etal ions on Whataan No . 1 paper ( C>----0 ) ,  
Sb- 2  resin paper ( II  II ) ,  DE-20 cel lulose anion-exchange paper 

( e e > ,  and A£-30 ce l l ulose anion-exchange paper ( o----c ) are 
p l otted against the concentration of HCl . With the except ion of Pt ( l l )  
vhi ch vas p l aced be l ow  Pt ( I V) the .. tal ions pl aced i n  their pos itions 
in the periodi c tab l e .  

phosphiny l ) methane (HDPM) as the stat ionary phases in the reversed-phase 

part ition chromatography of various metal ch lorides , nitrates , and perehlorates . 

The high partit ion coefficients of many metal  salts  make above compounds 

part icularly useful for reversed-phase paper chromatography .  The sma l l  

amounts ( · 1 0" 6 mole/cm2 ) of the organophosphorous compounds required o n  the 

paper and the fact that their mel t ing points are low enough so that they do 

not crystal l i ze on the paper are advantages . The cap i l lary flow o f  solvent 

over the paper appeared not to be affected by treat ing the paper with TBP , 

TOPO , or HDPM. Summaries  of RF-value s  for metal  nitrates , chl orides , and 

perchl orates as a function of acid concentrat ion on paper treated witn TBP , 

TOPO,  and HDPM are given in Tab l es XXI I I , XXI V ,  and XXV, respect ive l y .  No 

special  equipment or the use of volat i l e  or noxious solvents i s  required 

in achieving otherwi se  di fficult separat ions by reversed-phase partition 

chromatography . 
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Tab le  XXl l I .  R f  va l ues for 8e t a 1  n i t rates as func t i on o f  n i t r i c  acid concent rat i on on TBP- , � .  and IIDPM- t reated pape rs . 

TBP mPo I IOP14 Acid 110 1 ar1 tr Acid IIIOl arit;r: Ac i d  aol ari  t:r: 
E1 e��ent 0 . 51-1 3�1 &of 9M 1 2�1 0 . 51-1 3M 6M 9M 1 2M 0 . 5M 3M 6M 9M 1 214 
Sc 1 . 0  0 . 69 O . S9 0 . 79 1 . 0  0 . 0 1  0 . 03 0 . 07 0 . 1 1  0 . 44 0 . 0 1  0 0 o . os 0 . 0 3 y 1 . 0  0 . 90 0 . 76 1 . 0  1 . 0  0 . 1 1  0 . 67 0 . 92 1 . 0  1 . 0  0 . 02 0 . 09 0 . 1 3 0 . 4 3 0 . 8 3 La 1 . 0 1 . 0  0 . 9  .. 1 . 0  1 . 0 0 . 95 1 . 0  1 . 0  1 . 0 1 . 0  0 . 02 0 . 30 1 . 0  1 . 0 1 . 0  Eu 1 . 0 0 . 92 0 . 96 1 . 0  1 . 0  0 . 1 1  0 . 84 1 . 0  1 . 0  1 . 0  0 . 0 2 0 . 08 0 . 2 7 0 . 68 1 . 0 Cod 1 . 0  0 . 9 2 0 . 94 1 . 0  1 . 0  0 . 1 1  0 . 8  .. 1 . 0 1 . 0  1 . 0 0 . 02 0 . 09 0 . 29 0 . 1 1  1 . 0 Tb 1 . 0  0 . 89 0 . 92 1 . 0  1 . 0  0 . 08 o . 85 1 . 0  1 . 0 1 . 0  0 . 02 0 . 08 0 . 2 2 O . S9 1 . 0  Lu 1 . 0  o . 8c 0 . 7 1  0 . 9 1  1 . 0  0 . 01 o . c8 0 . 87 1 . 0  1 . 0  0 . 03 0 . 06 0 . 06  0 . 1 .. 0 . 38 Th o . sc 0 . 06 0 . 1 0  0 . 36 1 . ob 0 0 0 . 02 0 0 . 1 6 0 0 0 0 o . os U ( V I )  0 . 32 o . o s  0 . 07 0 . 82 1 . 0  0 0 o . o  0 0 . 1 0  0 0 0 0 0 . 0 3 Zr 0 . 92a 0 . 1 9 0 . 06 0 . 07 o . .... a 0 0 0 . 0 1  0 0 0 0 0 0 0 . 0 2 Cr( I I  I )  1 . 0  1 . 0  1 . 0  . . .  . . .  1 . 0 1 . 0  1 . 0  . . . . . .  1 . 0  1 . 0  1 . 0  � ( I I )  1 . 0  1 . 0  1 . 0  . . .  . . .  0 . 98 1 . 0  1 . 0  . . .  . . . O . S 6 1 . 0  1 . 0  Fe ( I I I )  1 . 0  0 . 9S 0 . 89 1 . 0 1 . 0 0 . 89a 0 . 64a o . sca 1 . 0  1 . 0  0 0 0 0 o . os Co ( I  I )  1 . 0  1 . 0  1 . 0  . . . . . .  1 . 0  1 . 0  1 . 0  . . . . . .  1 . 0  1 . 0  1 . 0  Ni ( I I )  1 . 0 1 . 0  1 . 0 . . . . . .  1 . 0  1 . 0  1 . 0  . . .  . . . 1 . 0 1 . 0 1 . 0  Cu ( I I ) 1 . 0  1 . 0  1 . 0  . . . . . . 1 . 0  1 . 0  1 . 0  . . .  . . .  1 . 0  1 . 0 1 . 0  AI! 1 . 0  o . u a o . o8a 0 0 0 . 1 7a 0 . 1 sa o . o7a 0 0 0 . 2 8a O . l c O . l l a 0 0 Zn 1 . 0  1 . 0  1 . 0 . . .  . . .  1 . 0  1 . 0  1 . 0  . . . . . .  1 . 0  1 . 0 1 . 0  Cd 1 . 0  1 . 0 1 . 0  . . .  . . . 1 . 0  1 . 0  1 . 0  . . . . . . 0 . 8 4a 1 . 0  0 . 86 HJ! ( I I )  1 . 0  0 . 1 0  O . l oa 0 ?  1 . 0  1 . 0  0 . 0 3 o . ua 1 . 0  1 . 0  0 . 2 2 0 0 . 2 a 1 . 0 1 . 0  A I  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0 1 . 0 1 . 0  1 . 0  1 . 0 1 . 0  ?C ?C ?C oc o . o 1c rb ( I I )  1 . 0  1 . 0  1 . 0  . . . . . .  0 . 96 0 . 89 0 . 97 . . .  . . . 0 . 9C 1 . 0 1 . 0  B i  0 . 79 0 . 95 1 . 0  1 . 0  1 . 0  0 . 0 1 '  0 . 60 0 . 9  .. 1 . 0 1 . 0 0 0 . 0 2 0 . 60 1 . 0  1 . 0 Ta i l ed . 

b Soae Th at start l i ne and SOllie at s o l vent front . c Ta i led bad l y ,  in the case of AI with IIDPM froe st art l i ne to s o l vent front but w i t h  1 2M  H� 110st Al re.a ined at s t art l i ne . 
See page 20 1 for copy right citatio n .  
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Tahle  XXIV.  Rf  val ues for met a l  ch l nr i des as func t i on of hydroch l nr ic Re id concent rat ion o n  TBP - . TOPO- , and HDPN- t reated papers . 

T8P TOPO I IDP� 
Ac id concen t rat i on Ac id concent rat i on Ac id concen t rat i on 

E l e-nt o . 5�t �' 6M 9N 1 2M o . 5�t �' 6M 9M 1 2M 0 , 5M 3M 6M 9N 1 2M 

Zn 0 . 4 3 0 . 39 0 . 50 0 . 77 0 . 72 0 . 05 0 , 0 1  0 0 . 09 o . u 0 . 02 0 . 01 0 . 01 0 . 35 0 . 27 
Ccl 0 . 5 2 0 , 26 0 . 37 0 . 8 1  0 , 75 0 . 05 0 0 0 , 1 6  0 . 18 0 . 02 0 . 0 1  0 . 05 0 . 2 1  0 . 19 
A1 1 . 0  1 . 0  1 . 0  1 . 0  0 . 8 2  1 . 0  1 . 0  0 . 86 1 . 0  1 . 0  1 . 0  0 . 92 0 . 8 7  ? 0 . 958 
Ga 0. 37 0 , 03 0 0 0 0 . 1 1  0 0 0 0 0 . 66  0 0 0 0 
I n  0 . 48 0 , 08 0 . 1 3  0 . 20 0 . 44 0 . 05 0 , 0 1 0 . 02 0 . 14 0 . 14 0 0 . 02 0 , 0 3  0 . 67 o . 5 3  
Sc 0 . 95 0 . 90 . . .  0 . 28 0 . 1 0  0 . 07 0 . 02 . . .  0 , 0 3  0 . 04 0 . 05 0 . . .  0 . 02 0 
y 0 . 95 0 , 90 0 . 85 1 . 0  0 , 82 1 . 0  1 . 0 0. 97 1 . 0  1 . 0 0 . 79 0 , 80 0 . 92 0 . 65 o. 7 1  
Ti 0 . 95 0 , 94 0 . 95 1 . 0  0 . 4 7  0 . 28 0 . 1 0 0 . 02 0 . 03 0 0 . 1 1  0 , 04 0 . 02 0 0 
Sn ( l t )  0 . 1  0 . 03 0 0 0 . 1 9  0 0 0 0 0 0 0 0 0 0 Mo (Vl ) 0 , 4 7  0 . 02 0 0 0 . 07 0 0 0 0 0 . 05 0 0 0 0 0 
Nb (V) 0 . 1 0 . 04  0 0 0 0 0 0 0 0 0 0 0 0 0 
Mn ( l l )  0 , 95 0 . 97 0 . 9 1  1 . 0  1 ?  0 , 92 0 . 75 0 . 49 1 . 0  . . .  0 . 90 0 , 93 0 . 78 1 . 0  0 . 90 
Fe ( 1 1 1 ) 0 , 47 0 . 02 0 0 0 0 . 0 3  0 0 0 0 0 . 08 0 0 0 0 
Co 0 , 95 0 . 96 0 . 89 1 . 0  0 , 7 2 0 . 84 0 , 20 0 , 07 0 , 28 0 . 1 3  0 . 92 0 . 89 0 , 1 7  0 . 64 0 . 34 
Ni 0 , 95 0 , 96 0 , 89 1 . 0  0 . 75 0 . 9 8  0 . 97 1' . !14 1 . 0  0 . 80 0 , 96 0 . 98 0 , 86 1 . 0  0 , 94 
Cu 0 . 94 0 . 8 3  0 . 83 1 . 0  0 , 75 0, 78 0 . 1 0  0 . 05 0 . 77 0. 4 3  0 . 76 0 . 65 0 , 44 0 . 9 3  0. 70 
V ( I V) 0 . 95 0 . 88 0 . 92 1 . 0  0 , 75 0 . 92 0 , 88 o. 77 0 , 87 0 , 7 0 . 60 0 . 39 0 . 2 1  0 . 4 3  0 , 408 
Cr ( 1 1  I )  1 . 0  0 . 9 1  0 . 9 1  1 . 0  1 . 0  1 . 0  0 . 98 0 . 77 1 . 0 0 , 7 1 . 0  1 . 0  1 . 0  1 . 0  0 . 97 
Zr 0 . 95 0 , 87 0 . 88 0 0 0 . 02 0 0 0 0 0 , 02 0 0 0 0 
llf 0 . 95 0 , 87 0 . 89 0 . 2 1  0 0 . 04 0 0 0 0 0 , 04 0 0 0 0 
U(V I )  1 , 0  0 , 1 2  . . .  0 . . .  0 , 04 0 . . .  0 . . .  0 0 0 0 0 
Th 0 , 95 0 . 84 . . . 0 . 54 . . .  0 . 08 0 . 07 . . .  0 . 04 . . .  0 0 , 0 1  0 0 0 
11!! ( 1 1 )  0 . 1 3  0 . 08 0 0 . 64  0 0 0 0 0 , 06 0 . 06  0 0 . 02 0 . 06 0 . 1 1  0 . 1 2  
Au 0 0 . 02 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pt 0 0 , 0 1  0 ? ? 0 0 0 0 . 06 0 , 05 0 , 02 0 . 02 0 . 04 0 . 1 2  0 . 1 7  

Ta i l ed . 

See page 201 for copyright citation . 
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Tab l e  XXV. RF va lues for .etal perchl 01'ates on TIP· , TOP� , and lt>PN.t reated papers. 

O. SM HClO,  3 . 0M  HCIO, 

E le��ent  TBP lOPO HDP>I TBP TOPO HDPM 

Be 1 . 0  1 . 0  0 . 32. 1 . 0  1 . 0  0 . 3.• 

Zn o. 78 1 . 0  0 . 7 2  1 . 0  1 . 0  0 . 92 

Cd 0 . 90 1 . 0  0 . 06  1 . 0  o . sa 0 . 86 

Hg O . S I  o .  70 0 . 59 o . �  0 . 66 0 . 69 

A I  1 . 0 1 . 0 t . o• 1 . 0  1 . 0 1 . 02 

In  0 . 89 0 . 1 1  0 O . SI o. 79 0 

T l ( l )  0 0 0 0 0 0 

Pb ( l l )  o . �  0 . 8 2 0 . 1. 0 . 44 o . ..  0 . 38  

Mn o . �  1 . 0  o . o• 1 . 0  1 . 0  0 . 84 

Fe ( l l l )  0 . 9 S  0 o . �  ?. •• 

Co 0 . �  1 . 0  0 . 92 1 . 0  1 . 0  0 . 93 

Nl 0 . 9. 1 . 0  1 . 0  1 . 0  1 . 0  l . U  

Cu 0 . 93 1 . 0  0 . 8 7  1 . 0  1 . 0  n.11 

U(Vl ) o .  7 1  0 0 o . • t  0 . 06  0 

n. 0 . 95 0 . 1 0  0 0 . 83 0 . 23 0 

y 0 . 95 1 . 0 0 1 . 0  1 . 0  0 

Sc 0 . 77 0 0 0. 27 o . o• 0 

Ce (l l l ) 0 . 92 1 . 0  0 1 . 0  1 . 0  0 

lA 0. 91 1 . 0  0 1 . 0  1 . 0  0 

'"' 0 . 90  1 . 0  0 1 . 0  1 . 0  0 

Gel 0 . 90  1 . 0  0 1 . 0  1 . 0  0 

Ta 0 . 89 1 . 0  0 1 . 0  1 . 0  0 

Lu 0 . 89 1 . 0  0 1 . 0  1 . 0  0 

Add Front 0 . 92 1 . 0  0 . 97 1 . 0  1 . 0  1 . 0  

• Ta1 led, l n  caoe o f  Al f.._ Rf • 0 to I .  See page 201 for eopyright citation. 

A study to survey the technique of electrochromato�raphy , sometimes 

cal l ed e l ectromigration ,  with  a veiw of applying it to radiochemical analyses , 

particularly of ions of adj acent atomic number showed that the maj or advantage 

over other means of s eparation is speed . l � l , l � 2 Disadvantages are the 

neces sity of providing some means of coo l ing the paper in which the migrat ion 

of  ions takes p l ace , and occas ional charring of the paper due to arcing from 

the e l ectrodes . At present , e l ectrochromatography is  not deve loped far 

enough to offer real advantages over other methods o f  separat ing met curv 

1 2 .  Vol ati l i zation Anal ysi s  for Mercury 

The observat ion that some metal sa lts  volat i l i ze when boi l ed in acid 

solution led to the development of a separat ion technique based on the 
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increased vapor pressure of  substances at e levated temperatures .  One o f  

the first systematic studies of the vol at i l i zation of elements from boi l ing 

acidic so lut ions was carried out by Hoffman and Lunde l l . 1 4 3 Some of the 

result s  of this  investigat ion are summari zed in Tabl e  XXVI . I t  appears 

that mercurous and mercuri c ch loride in oxidi z ing acids should not be boi l ed 

for any l ength of t ime because o f  the appreciab l e  vol at i l i zation of HgC1 2 • 

Like other techniques  in analytical  chemi stry ,  vapori zation analysis  

has been refined to a point where i t  i s  app l i cabl e  to trace analysi s .  

Gei lmann 1 44 describes equipment ,  procedures ,  and appl icat ions of vapori za­

t i on analys is  to  determine trace metal s in amount s as l i t t l e  as 1 0- 9 
grams . 

Coprecipitation o f  mercury with a non- i sotopic , non-radioactive carrier,  

copper , and vol ati l i zation were uti l i zed by Biel fe ldt and G�nss l e2 8 to  deter-

mine mercury traces in commercial hydrochl oric acid . Mercury was first 

TABLE l l V l . Vo l at i l i z a t i on  of e l -.n t s  fTOII a c: i d  solut i ons at lOO t o  Z 1 U  0c . 

4pprouaau percenuae vo l at i l i zed f1"011 10· 1 00  •1 port i on s  by d i st i l l at i on w i t h  

HC l ·  H l r  

HC l ·ltC I O ,.  I IBr·ltC I O ,.  H 3Po .. · HC 1 o ..  tt 3PO�r�·11C l 0 "  HC 1 ·H2so.. HC 1 ·11 2SO .. 

As ( I l l )  

As ( V )  

lU I OU  J O  I OCl 1 00 I OU  

Au 

Cr ( l l l )  

r.e 

I ll(  I )  
I IR ( I l )  

"" 
OS 

•• 
Ru 
5�( 1 1 1 )  
Sb ( V )  

S< ( I V )  

Se ( V I ) 

Sn ( l l )  

Sn ( I V) 

Te ( I V) 

T< ( V I )  

T l ( l )  

zu 
0 . 1 

99 . 7  

sn 
7S 

7 S  

0 . 1 

1 110 

I UO 

99 . 8  

I OU 

u . s  
0 . 1 

V ( V) 0 .  S 

I OU 

u . s  n . s  
?U IO 

0 

•• 
7 0 I O  

7 S  7S 

7 S  7S 
o . o: 1 1 , 0 2  

I OU 1 00  

IOU KO 
t uo 1 00 

9!/ , t\  
99 . H  

2 t o  � 2 to S 

t on 

1 00 

u . s  0 . 1 

1J . S  0 . 1 

6 7  

1 00 1 00 

u . s  o . s  u . s  
1 0  s o  I O  

�· �· 95 

7 S  9 0  

7 S  

O . Ol 0 . 02 u . oz 
1 00 

I UO 90 I OU 

I OU 

99 . 8  ll 99 . 8  

99 . 8  98 

2 t o  � JO 1 00 

10 1 00 

99 . 8  J OO 

I OU JO I OU 

u . s  0 . 1  1 0  

0 . 1 1 0  

0 . 1 
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coprecipitated with CuS . The CuS (llgS) was d i s solved in ch lorine water 

and mercury was electrodeposited on a copper spira l . Fina l l y ,  the mercury 

was d ist i l l ed from the copper cathode into a quart z capi l lary where · i t  formed 

a t iny sphere . I t s  weight was calculated after measurin� its  diameter under 

a microscope . 

Radioact ive isotopes o f  mercury , p l atinum , iridium,  osmium , and 

rhenium,  formed by 1 50-MeV proton spa l lation of gol d ,  were s eparated from 

each other by vo lati l i zation in streams o f  argon and chlorine in a 90 em 

long and 1 . 5 em diameter copper tube a long whi ch a temperature gradient was 

maintained . 1 � 5 Thi s  method appears quite  adaptabl e for the separat ion and 

puri ficat ion of some radioactive isotopes in tracer quantities . 

Very s imi l ar ,  rapid methods for the carrier- free separat ion of mercury 

act ivities , but operat ing at reduced pressures l � G  or in a vacuum l � 7 , 1 � 8 

have a l so been reported . 

Uetermination of  mercury in larger than trace quanti ties by vol ati l i za­

tion and subsequent amal gam formation have been described by Consalvo 1 � 9 

and Maj er . l S O Reaser and co-workers l S l volat i zed the mercury activit ies  from 

a mixture of  Na2 2  and Hg2 0 3 , 2 0 5  in certain pharmaceut i cal preparat ions . By 

count ing be fore and aft er vol at i l i zation , they were ab l e  to measure the 

Na2 2  content direct l y ,  and the mercury activity  by di fference .  

The reader i s  re ferred t o  DeVoe ' s  monograph l 52 for more speci fic  

informat ion regarding the separat ion of radioact ive e l ements by  vol at i l i zation . 

Several Procedures in Chapter VI are based on .the volat i l i ty of mercury at 

e l evated t emperatures .  
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I V .  NUCLEAR METIIODS O F  MERCLRY ANALYSI S  

1 . Activat ion Analys i s  of Mercury 

a. Thermal Neutron Act ivat ion 

When mercury of  natural i sotopic  compos ition is irradiated with 

neutrons of  thermal energies , each o f  the six  stab l e  mercury isotopes 

undergoes radiative capture reactions independent ly of each other. The 

pert inent nucl ear data for the ( n , y} react ions leading to radioactive 

products are summari zed in Tabl e  XXVI I . l 5 3 

TABLE U V I I .  Nuc l ea r  d a t a  for t heraa l neutron ac t i n t i on ana l ys t s  of Mf'CUl'y. 

Tnt:et 
Nuc l i d e  

"' ' "  

Itt I " 

ttf!1 0 2  

H ( 1 0 1o  

Abundance 
( � rc:en t )  

O . U6 

1 0 . 0! 

29 . 80 

6 . 85 

PT<)C!uc t 
Rad i o ·  

I sotop i c  nuc l i de 
Act i n t ion on T!u:raoa l 

C ro s s  Sect ion Neutron 
(barn s )  I rr ad i a t ion 

420 

880 f i ( U ':'  

0 . 0 1 8  Hr 1 "• 

3 . 8  Ht 'Z O l  

0 . , 3  1 11 1 0 �  

Jbdht ion and 
Energy 

(HeV) 

I T ( 96 .  S\) 
e

· "I O . l l<C ( 3 1 \) 
'> O . J O S  ( 0 .  28\) 
0 . 01 1  • Hr Xray 

��i! · !�{ ,;A· 
e • y I •  0 . 1 30 (7\)  

v1 ,  n . 279 ( 7 n )  
, , ,  0 . 407 (0 . 3\ )  

Ha l f- l i fe 

24 h 

rc ( I OO\ J os h 
•• , ,  0 . 0773 ( 2 3\) 
v-, 0 . 1 9 1  ( S \ )  
O . Ob8 • A u  Xr:ay 

I T  ye
· 0 . 368 , '2 a 

0 . 1 58 

e· 0 . 2 1  o oo\ ) 47 d 
Y i  e

· 0 . 279 

e
· 1 . 8 ; s . s  • 

l o. 10l 

A consideration of the magnitude of the isotopic activation cross sections 

and abundances , shown in Tab le  XXVI I ,  suggests  that in a neutron irradiat ion 

during a fixed t ime period , 65-hour Hg l 9 7 wi l l  be formed in highest abundance , 

fol lowed by 47-day Jlg2 0 3 , 24-hour Hg l 9 7m , and fina l ly by 5 . 5-minute J lg2 0 S . 

I f  one considers the irradiat ion t ime required to produce the saturat ion 

activity of each product ,  the superiority of  the Hg l 9 6  (n , y} J lg l 97 reaction 
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becomes evident : To form the saturation activity of Hg l 9? requires an 

i rradiation t ime o f  about 5 days • whereas Hg 1 9 7m requires about two weeks • 

and llg2 0 3 several months . After irradiation of  a samp le  containing Hg , a 

cool ing period o f  2- 3 days has been recommended . 1 5 5 About 2-3  days a fter 

the end of the irradiation on ly  l lg l 9 7 i s  the predominant activity .  In  a one-

week irradiation about 50 times more l lg l 9 ? i s  formed than Hg 2 0 3 . 

In  analyses where Hg l 9 7 or Hg l 9?m i s  used to determine mercury concen-

t rations , care must be taken to ensure that p lat inum is absent from the 

samp l e  s ince 20 hour Pt l 9 7 , l ike Hg l 9 7 , 1 9 7m , a l so decays to stable  Au l 97 • 

The formation cross section for Pt l 9 7 by thermal neutrons in platinum of  

natural i sotopic  composition i s  about 280  mi l l ibarns . After 3 days o f  

coo l ing , Pt l 9 7 has decayed to less  than 1 0  percent of  i t s  initial  act ivity . 

I t  appears that 40 parts of p latinum would simulate the presence of 1 part 

of mercury . 

Ful l assessment of the capabi l it ies of activation analys i s  is  dependent 

on a knowl edge of the detection l imit s  for the e l ements  to be determined . 

Experimental ly  measured sensitivities l S � for the maj or mercury isotopes are 

summari zed in Tabl e  XXVI I I .  

TABLE XXVI I I .  Experi..,..t a l  sen s i t i v i t ies for the deterainat ion of 
aercury with theraa l neutrons froa a nuc lear reactor . 

G_. Ray Photo Peak Det ect i on  
I sotope Ha l f- L i fe F.nerJ!Y Y i e l d  Li•i t  

(MeV) ( c�/p Ha) (UI) 

HJ! I 9 7• 24h 0 . 1 3 3  1 . 2  x t o• 0 . 083 

HJ! I 97 1 65h o . t 9  t . 3  X t 07 o .  79 
HJ! " "" 4 Z.  0 . 368 1 . 3  x t o• 0 . 7 7  

0 . 1 5 7  9 . o  x t o• 0 . 1 1  
"•2 0 3  47d 0 . 278 4 . 0  X t 0 7 0 . 25 
"•2 0 5  5 . 5. 0 . 203 2 . 5  X t 08 0 . 4 1  

See page 201 for copyright citation. 

lnterferina Product 

The dat a  presented in Tab l e  XXVI I I  have been corrected to the fol l owing 

condit ions : 

( 1 )  thermal neutron flux 4 . 3  x 1 0 1 2  neutrons/sq . cm . - second , 
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( 2 )  irradiat ion per iod = l . Utl hour, 

( 3) activity  i s  that at end of i rrad i at ion , 

( 4 )  detector i s  a 3- inch x 3- inch sol id 1\a l (Tl ) crystal , 

( 5 ) beta-part i c l e  absorber i nterpose.! bet�.·een source and detector 

is 1 / 2 - i nch th ick , 3- inch diameter po l ystyrene d i sc , 

(o)  countin� geomet ry - 3 1 % ,  anJ 

( 7 )  analyzers are 400- channe l type . 

The photo peak yie l d  in  Tab le  XXVI I I ,  ha s been comput e d  from the equation 

y F 
w ( 1 )  

where A i s  the number o f  counts i n  the photopeak ; ht , the length o f  the count 

in minutes ; A ,  the decay constant ; t 1 , the t ime between the end of  irradiation 

and the midpoint of  the count ; W ,  the e l ement weight ; t2 , the standard 

i rradiation o f  hour ; and t 3 , t h e  actual irradiation time . The fraction 

( 1  - e· At 2 ) / ( l - e· At 3 ) converts the result  to a standard irradiation time of  

one hour . 

A correction factor , F ,  was appl ied when counting t imes were longer 

than one hal f l i fe ,  for ,  under this  condi t i on the average act ivity (counts/ 

l ength of count) i s  larger than , rather than equal to , the act ivity  at the 

midpoint of count . The correction converts the average activity to that at 

the midpoint  of the count , and is g iven by 

(2 )  

0 

where A0 is  the activity at the start of the count and the count lasts  from 

t = 0 unti 1 t = 6 t .  

The detection l imits , S ,  l i sted i n  Tab l e  XXVI I I ,  were computed from the 

relation 
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s 

where the minimlDII detectab le  count rate und er the photopeak , k ,  was chosen 

to be 100 cpm for activat i on product ha l f- l i ve s  between one minute and one 

hour , and 10 cpm for hal f- l ives l onger than 30 minut es . 

0 

X-RAYS 
0 . 08 

Hg l 9<M 
0. 1 5  

0. 3 0 .6  
GAMMA ENEIIGY !M.V) 

0. 9 1 . 2  
6 1 27&1-JB 

Figure 34 . Gamma spectrlDII of neutron act ivated mercury 
of natural isotopic  compos i tion . 

The gamma spectrlDII of neutron act ivated mercury of natural i sotopic 

compos ition ,  observed with a 3" by 3" Nal (Tl ) detector , i s  presented in 

Figure 34 . 
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b .  Preparation of Standards 

Because of the high capture cross section for thermal neutrons , the 

total weight of mercury to be used as standard should not exceed a few 

micrograms . The simp lest way of weighing out such smal l amounts is by 

pipetting known vo lumes of a di lute - for example  SO mg Hg/ l iter-mercury 

solution into a quart z tube .  The quartz tube then is seal ed such that the 

lower end which contains the standardi zed solution is cooled to avoid the 

possib i l ity of losses by evaporation . 1 5 5  An alternative way would  be by 

pipetting the standard solution onto a smal l fi lter circ le ,  adding the 

same volume of saturated H2S solution to precipitate HgS and careful 

drying . 1 5 5  The fi lter c ircle is p laced into a quartz tube and sea l ed as 

above . The author has found the fol l owing method of sealing quartz tubes 

quite satisfactory.  The bottom hal f of the quart z tube is wrapped with 

enough layers of asbestos tape so that tube and asbestos p lug can be held 

easily  by a laboratory clamp .  The seal ing which should not take more than 

2- 3 seconds is  accompl ished fastest by means of H2-o2 burner. During the 

sealing , the asbestos plug and the quartz tube is kept wet with a fine 

water spray from a wash bott le .  A more elaborate technique of seal ing 

quart z tubes is  described in Reference ISS and is  a l so reproduced in ful l  

a s  Appendix I t o  Procedure 27 . 

c .  Sources of  Error 

In any kind of act ivat ion analysis samples and standards idea l ly 

should be exposed to the same flux . Target atoms with l arge capture cross 

sections can cause a local flux perturbation , i . e . , samples and standards 

are no longer in the same neutron flux . The flux perturbation l 56 is the 

product of two superimposed effects : flux depress ion and self-shielding . 

Strong neutron absorption in sample  and standards is the cause of local flux 

depress ions . By their strong neutron absorption the out er lay�rs of a 

standard or samp le shield the inner layers from undergoing (n , y) reactions . 

A measure for the difference in flux as a function of location is the flux 
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depress ion 6 ��� . I f  one considers the neutron absorbin� sample to be a 

spherical  she l l  of radius r0 and thickness t ,  p laced in a uni fora neutron 

flux � .  the flux depress ion , accordinR to Hughes , l 57 can be computed fro• 

the expres s ion 

where N is the number of target nuc l ei/cm 3 , a
c 

the c apture cross s ec t i on ,  

( 3) 

�
tr the transport mean free path and L the diffusion l en gth of the neutrons . 

Equation ( 3) ho lds strict ly only  for flux depres sion of a few percent or l es s  

and shou ld b e  taken to g ive mere ly current order o f  magni tude est imates . 

The sel f- shielding effect of 1fg l 96 at a flux of 10 1 2 neutrons/sec cm2 

when based on therma l neutron cross  sect ion is less  than 0 . 3  percent of the 

expected Hg l 9 ? , 1 9?m activi ty .  This effect  may be more serious i f  resonance 

capture is important . 

An empirical relat ion between the neutron absorpt ion cros s sect ion 

aabs
' in barns , the samp l e  weight W, in grams , which wi l l  produce a self­

shielding effect of about ten percent , has been derived by Kamemoto l 58 

in the form 

Atomic Weight of Samp l e  = 0 . 03 

This  re lation permits  to adj ust the samp le s i ze to minimize or avoid se l f-

shielding prob l ems . 

For discussions of the prob l em of flux perturbation for d ifferent 

geometries of the neutron absorber see References 155 , 1 59- 16 1 . 

Another potentia l source of error i s  burn-up of the target nuc l e i  

which occurs where neutron capture reactions take p l ace in nucl ides with 

l arge capture cross sections such as Jig l 9 6 . The amount of burn-up can be 

computed from the re lat ion l 62 
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where N0 is  the nuaber of target atoms before irradiat ion , oa the isotopic 

absorption cross section , + the neutron flux in n/cm2 sec and t the length 

of the irradiation . In the case of Hg1 96 the burn-up is  about 0 . 001  percent/hr 

at a flux of 101 2 neutron/sec ca2 and about 0 . 1 percent at a flux of 1 0 1 � 

neutrons/sec ca2 . 

Finally,  when attempting to increase the detection sensitivity by using 

higher neutron fluxes and long irradiation t imes ,  second-order interference 

is  l ikely to occur. 1 6 3 Second-order interference may be defined as the systemat ic 

error in act ivation analys is  intorduced by successive neutron capture reactions 

according to 

I 
A �+ 1  

zE (n , y) z \ 

I 
a-

a• 

E (A+ l )  ( ) Z+ l n , y 

or� E {A+ l )  ( ) EC Z- 1 n , y 

E (A+ 2) 
Z+ l 

E (A+ 2) 
Z- 1 

I f  one attempts to determine by activation analysis  the concentration 

of elements Z-l E and Z+ lF. ,  second-order react ions may l ead to interference 

if  either or both eleaents are measured in a matrix consi sting predominant ly 

of ZE because above reactions add to the concentration of the e l ements bein� 

measured . Fortunately ,  no second-order interference is expected in mercury 

determinations by activation ana lysis . 

d .  Re-activation Analysis  of Mercury 

This  method uses activation analysis  as a means for determining the 

radiochemical yield accurately of a counting sample  in the course of a 

conventional act ivat ion analys i s . 1 6 � • 1 6 5 The sequence of operations  is as 

fol lows : activat ion of the samp l e ,  separat ion of mercury and preparat ion 

of a countin� samp l e ,  countin� . suffi cient cool in!! to permit llg 1 97 and 
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llg2 0 5  to decay to ner. l igible  leve l s ,  react ivat ion , and counting . Since onl y  

sma l l  amounts o f  carrier should b e  added , the wei ght o f  mercury in the 

sample  c;tnnot be neg lected in the cal culation of the chemical yield . 

The weight of mercury in the samp l e  can be computed from the equation 

A x we x w
st  w sam 

Ast  X A l x w 1 
sam st - A x wst  A l st  sam 

(gm) . 

where W is the weight of mercury in gm in the samp l e ,  Ast  the Hg20 5 activity 

induced in the mercury standard in the first irradiation , Wst  the weight of 

the mercury standard in grams , A the act ivity of Hg2 0 5 formed in the first sam 

irradiat ion , We the weight of mercury carrier added to the irradiated sample ,  

A l the l lg 1 97  activity induced i n  the second i rradiat ion i n  the samp l e ,  sam 

A1
s t  the Hg l 97 act ivity induced in the standard in the second irradiation ,  

and w1
st  the weight o f  the mercury standard i n  grams for the s econd irradia­

tion .  I t  appears that the concentration range in which mercury can be 

determined by re-act ivati on l ies between S ug to about 400 ug . Interfering 

e l ements are Cd , Cu , and Au . 

e .  Fast Neutron Activati on Analys i s  

During the past decade , s everal low-cost positive ion and el ectron 

accel erators have become commercial ly  avai lab l e  for use as neutron generators . 

The characteristics of several types of accelerators are summarized in 

Tab l e  XXI X .  

Fast  neutron activation is general ly  uti l i zed where a l arge number of 

analyses have to be  performed at low cost and where some sacrifice in 

sensi t ivity can be tolerated . Thus far , fas t  neutron activation has been 

appl ied to mercury analyses only with 14-MeV neutrons from Cockcroft-Wa lton 

acce lerators , and with 2 - S M eV neutrons from Van de Graaff accelerators . 

The fairly l imited extent of fast-neutron activation work on mercury might 
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TABLE X X I X .  Characteristics o f  several types of acce l erators . 

Part i e l e  aJid Jon Part i c l e  Neutron Eai ss lon 
Type TarKet CurHnt En•rKY (neutrons per second) 

Cyc lotron le' Cd , n) a t o  l u  a MeV 3 "  10 1 1 

Van de Gruff Be'Cd , n) a t o  S O  ua 2 MeV 1 " Jo t o 
Van de Gruff le' ( K , n ) He "  l u  3 MeV 1 " 10' 

Coekcroft-Wa l  ton T(d , n ) He" 100 ua 250 lteV 1 " 10' 
Cockcroft -Wal ton T(d , n ) He" . .. 14 MeV 4 " t o t o  
Betatron e-U 3 ua 80 MeV 2 " J o t o  
Linear Accel erator e-U 25 .. 14 NeV 4 " 1 o t •  

in part be due to the lower sensi tivity that can be achieved , compared with 

thermal neutron act ivation .  

Sensitivities for several possib l e  activat ion reactions , l isted in 

Tabl e xxx , l 6 6  were computed under the assumption of a n  one-hour irradiation 

with a flux of 1 09 neutrons/cm2 /sec passing through the target . 

Tabl e  lU. Sens i t i vities for several act i vation reactions with 14-NeY neutrons. 

React ion 

IIR2 00 (n , p)Au2 00 

IIR2 0 1  (n ,p)Au2 0 1 

HR2 02 (n ,o)  Pt I ,.  

ltR2 0 0  (n ,ca }Pt 1 9 7 • 1 ,.,. 

0 
(ab) 

3.6 • 0. 4  

2 . 1 • o .  3 

1 . 01 • 0 . 1 

I . 77 o o . 3S 

I IA i f· L i fe 

48• 

2611 

31• 

l . lh , 1 9h 

R Sensit ivity c- R.td iot ion 
(dpa/p) (R) (MeV) 

1 . 4$ • I O l  ) , l S O  3 .67 ( 24\) . 

1 . 2 3 ( 24\) , 

l . lb ( 1 \ )  

664 2 , $00 o . ss 
66$ 2 , :;ou O . OH ,  0 . 1 97 ,  0 . 246 

0 . 3 1 8 ,  0 , 4 7$ ,  0 . $4 

0 . 71 ,  0 . 79, 0 . 92 

ai .. d yield o . 3291 others 

Other Radiation 

2 . 1 8 ( 76\) 

0 . 6 ( 24\) 

I . S  

0 . 8 ,  1 . 1 ,  1 . 3 , 
1 . 7  

·sens it ivity i n  Tabl e  XXX is  defined as that amount o f  material  in 

grams which yield  100 dpm at the end of the irradiation , regardl es s  o f  

decay scheme . Of course ,  where only  one particular �amma ray i s  counted , 

the decay scheme must be considered . Another us efu l  p iece of in formati on 

l isted in Tab l e  XXX is  the radiochemical yield  which has been computed by 

1 09 Aaf Y a W [ 1  - exp ( -0 . 693 t/T) ] , 
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where Y is  the radiochemical yield  in dpm/gm of el ement in the samp l e ,  A is 

Avogadro ' s  number , a the react ion cross section in cm2 , f the fraction of 

the target i sotope in e l ement , W the atomic wei�ht , t the l ength of irradia-

tion ,  and T the hal f- l i fe of the activation product in the same units  as t .  

The reaction cross sections were taken from Col eman , l 6?  

The sensit ivity l imits  for 57 e l ements for 14-MeV neutron act ivat ion 

analysis  at a neutron flux of 4 , 0  x 1 08 neutrons /cm2 sec were measured by 

M .  and J. Cuypers , l 6 8 Their results  pertaining to mercury are summari zed 

in Tabl e  XXX I . 

TABLE XXXI . Detection l iad t  for 1 4 -MeV neutron act ivat ion anal ys i s  of 
•ercury at a neutron flux of 2 x 1 08 neutrons/c•2/ second . 

G .... Count s  
Radio- Ray per Detection 
i sotope Ha l f  Energy T

act 
1

dec 
T

ent 
•g/T

cnt 
L�it 

Produced Life 

X -ray 

Hg l 9 9• 44 • 

40 • 

Hg l 9 9a 44 • 

(MeV) 

0 , 07 5  

0 . 1 5 8  

0 . 24 

0 . 37 

5 • 1 • 

5 • 1 • 

5 • 1 • 

5 • 1 • 

(��g) 

5 • 224 0, 43 

5 • 2 1 0  0 , 46 

5 • 38 2 . 5  

5 • 30 3 , 8  

To faci l itate s ensitivity and y i e l d  computat ions , measured reaction 

cross sections for 14 MeV neutrons wi th mercury isotopes were compi l ed from 

the pertinent l iterature and are summari zed in Tab l e  XXXI I ,  

A recent comprehensive investigat ion l 7 2 on the detect ion l imits of 

47  e l ements in 1 4-MeV neutron activat ion showed that 1 - 10 � g  of mercury 

are detectab l e  in a 20-minute irradiat ion with 1 09 neutrons/sec cm2 when 

the 1 58-keV gamma ray of 44-minute Hg 1 99m is counted . The reactions 

l eading to Hg 1 9 9m pos s ib ly are llg l 9 9 ( n , n ' )  and Hg l 9 8 (n , 2n) . 

Al though l arge l y  negl ected ,  the appl ication of 3 MeV neutrons to 

activation analyses ho lds cons iderabl e promis e .  The energy of such 

neutrons is not high enough to induce (n , 2n) reactions ; a l so ,  the cross 

s ect ions for (n , p) and (n , a) react ions with 3 MeV neutrons are very sma l l .  
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TAIILE XXXI I .  Measured activation cross sect ions for 14 -MeV neutrons and .ercury. 

React ion Ha l f- l i fe Cros s Section (ai l l ibarns) Reference 

Ha z o o (n , y) li!!Z O I  stab l e  < 6  ll 1 0 "  1 6 9  
Ht 2 0 l (n , y) HI 2 0 2 stab l e  < 6  " 1 0 "  1 69 

Hl2 0 2 (n , y)Ht2 0 J 46 . 6  d 3 . 8  ll 10" 1 69 

Ha l '' (n , n l ) Ha l ''-
• 

H1z oo (n , 2n)H« l ''-
44 ain 559 • 68 1 70 

Ht 1 96 (n , 2n) Ht 1 9 S. 40 h 1 580 • 195 1 70 

Ht l 91 (n , 2n)HR 1 971 64 . 14 h 

Hc l 91 (n , 2n)H« l '� 2 3 . 8  h 967 • 1 1 7  1 70 

Hcz o �o (n , 2n) H12 0 J 46 . 6  d 2 2�0 • 272 1 7U 

H« u• cn , p) Au l ,. 64 . 8  h 5 . 83 • 0 . 82 1 7U 

H1z oo (n , p) Au2 0 0  48 ain 3 . 6  1 70 

Hc2 0 l (n , p) Au2 0 1 26 ain 2 . 1  1 70 

Ht2 02 (n , p) Au2 0 2 30 sec 1 . 4  1 7 1  

Hl2 0 0 (n ,o) Pt U 7  8 0  ain + 1 11  h 1 . 8  1 69 

Ha2 02 (n , o) Pt l "  U sec + 3 1  ain 1 . 0  1 69 

However , many low laying levels  in most elements can be excited by (n ,n ' ) 

with 3 MeV neutrons . 

In the case of mercury , the ambiguity as to the activation react ion 

is one of the aaj or obstacl es against using 3 MeV in activation analysi s ,  

For the reaction Hgl 9 9 (n ,n ' y) Hgl 99m with 3-MeV neutron an average cross 

section of 95 �b has been reported . l 7 3 

The feasibi l ity of us ing fast fi ssion spectrum neutrons for mercury 

activation analysis was demonstrated by Menapace. l 7� The activation 

reactions studied were Hg 1 98 (n , y) Hg 1 99m and Hg 1 9 9 (n , n ' )  Hg l 99m , both 

occurring simultaneous ly.  The reaction cross section rat io (n ,y) / (n , n ' )  

for the respect ive react ions with fast fission spectrum neutrons in the 

Ames reactor was found to be 5 . 8 2 ,  i . e . , the ( n , y) reaction predominates , 

yet about 1 7  percent of the Hg 1 99m activity is due to the (n , n ' )  reaction .  

In a three-minute irradiation in the core o f  the Ames reactor, mercury can 

be determined with a sensitivity of 20 micrograms by count ing Hg 1 9 9m,  
Incidental ly ,  the samp l es were mere ly packed in  Cd  containers for irradiation. 
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f .  Photoact ivation Analys i s  of Mercury 

The formation of nuc lear isomers by ( y , y ' ) reactions has been investigated 

as to pos s ib l e  analytical app l ications . l 7 5 The product formed when mercury i s  

irradiated with bremsstrah lung from a lmA current o f  3-MeV e lectrons was found 

to be 44-minute Hg 1 9 9m . The flux traversing the target was estimated to be 

3 x 1 0 1 �  photons/cm2 sec . A one-hour i rradiation of 16 . 5  g of mercury in 

30 ml of solut ion produced a specific activity of 2000 cpm/gram at the end 

of the irradiation . For analytical measurements  with a ten percent standard 

deviat ion a minimum count rate of 74 cpm is required at the end of the 

irradiation. Thus , the minimum weight of mercury which can be deterained 

under above conditions is 37 mg or 1 200 ppm . With 6-MeV bremsstrah lung , a 

sensitivity of about 0 . 5 mg of mercury has been achieved . 1 7 6 

A comprehensive s tudy 1 77  of the yields  of radioactivity induced by 

(y ,n )  reactions with 20  MeV bremsstrah l ung showed that for the reaction 

Hg2 0 � (y , n) a yield of 3 . 9 x 1 07 dpm/mol e  for each roentgen of bremss trah lung 

can be expected . The minimum weight of mercury that could he determined in 

a one roentgen irradiation wou ld be  of the order of 1- 2 mi l l igrams . 

The photoactivation yields of 44-minute Hg 1 9 9m in terms of count rate 

of the 1 59  keV photopeak per gram mercury i s  p lotted in Fi�ure 35 as a 

function of the maximum incident bremsstrah lung energy . 1 7 5 , 1 76 , 2 2 8 

One of the advantages of nuc lear photoexcitation as an ana l ytical tool 

is its  potent ia l ly  high degree of s e lectivity s ince a nuc l ear transmutation 

is  induced in on ly a few e l ements wi th  6-MeV photons and is  ins i gnificant 

in most e l ements even under 8-MeV bremsstrahlung irradiat ion . 

There are indicat ions that the determination of mercury traces , at 

l east in biological specimens , by photoactivation1 78 • 1 7 9  i s  being considered 

to be a powerful  method supp l ement in� neutron activation particul arly  in 

laboratories which have easy access to e l ectron l inacs . 

When mercury of natural i sotopic composition i s  irradiated with 

30 MeV photons , t he product s  of the reactions Hg 1 9 8 (y , n ) Hg 1 9 7m , Hg2 0 0 (y , n) llg 1 99m, 

and Hg2 0 � (Y , n) Hg2 0 3 are the maj or act ivities formed . 1 8 0  In  Figure 36 , 
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Figure 35 . Yield  of  t he 159  keV photopeak of  II� l 9 9m as a function 
of the maximum incident bremsstrah lung energy . 

<<> taken from Re f .  1 7 5 , A Ref .  1 76 ,  and Q Ref .  2 2 8 ) . 

the gamma spectrum of above activation is shown , taken 3 hours after the end 

of the irrad iat ion . 

g .  Analysis  by Prompt Gamma Ray Spectrometry 

The Bohr theory of nuc lear react ions assumes therma l neutron capture 

to be a two- step proces s :  absorpt ion of the inc ident neturon b y  the target 

nuc l eus to form a short- l ived act ivated comp l ex ,  the Compound Nuc leus , and 
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Figure 36 . Gamma spectrum of natural mercury 

irrad iated with 30 MeV photon s .  

6 1 '1784-28 

deexc itat ion of the Compound Nuc l eus wi thin 1 0- 1 �  
to 10- 1 5  seconds after its 

format ion by the emission of one or several photons . These prompt gamma 

quanta represent the bind ing energy of the neutron to the target nuc l eus . 

Act ivat ion ana l ysis  via  the measurement of the prompt gamma rays is  

independent of the ha l f- l i fe of the act ivation product since capture reactions 

proceed without growth or decay characteristics . The saturation activity 

i s  produced as soon as the neutron beam i s  turned on . 

Exploratory experiments to measure the concentration of mercury in 

ores and ore concentrates  by prompt gamma spectrometry have been carried 

out in the USSR . l 8 1 Ores whose mercury content ranged between 0 . 01 percent 

to several percent were exposed to a col l imated beam of thermal  neutrons 

8 2  
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from a reactor . The intens ity of the prompt gamma rays was measured with a 

mul t ichannel analyzer equipped with a 2 x 2 inch Nal (Tl)  detector . The 

sensi tivity of the mercury determinat i on was 0 . 1 percent wi th an accuracy 

of 10 percent when the intens ity of 3 . 7 7 ,  4 . 35 ,  and 4 . 8 1 MeV gamma rays was 

compared wi th prompt gamma spectra obtained with standards . 

A maj or drawback in using prompt gamma ray spectrometry in conj unction 

with thermal neutron activat ion is the difficulty  in dist inguishin� the 

prompt gamma rays emitted from the samp l e  from prompt gamma rays produced 

by ( n , y )  react ions in the surroundings , gamma rays caused by inelastic 

scattering of fast neutrons in samp l e  and surroundin�s , fas t  neutrons 

scattered into the detector by samp le  and surroundin�s and reactor gamma 

rays scattered by samp le and surround ings , A soph i st icated method of 

analysis  by prompt gamma spectrometry wh ich minimi zes these  sources of 

error has heen devised by I s enhour and Morri son , 1 8 2 The workers developed 

a technique of modu lat ing a col l imated beam of thermal neutrons us in� a 

neutron chopper operat ing at 1 000 cps which cancel led >99 percent of the 

ha l f- l i fe dependent gamma rays to obtain a pure prompt gamma spectrum . 

S igna l s  generated by the chopper d i sc were used to switch the memory section 

of a mul t ichannel analyzer in synchromi zat ion with the modulat ed neutron 

beam and thus recording prompt and delayed gamma spectra in d i fferent 

sect ions of the analyzer . The two ha l f-cyc l es of the chopper- -prompt p l us 

de l ayed �amma quanta and delayed gamma quanta--after correction for back­

ground were subtracted to give the prompt gamma spectrum . The requirement 

of using a co l l imated and modu lated neutron heam reduces the avai lab l e  flux 

by about six orders o f  magni tude . The at tainab l e  sens i t ivity compared with 

conventional gamma spectrometry is appreciah l y  l ower . With  improved 

col l imat ion of the neutron beam , better experimenta l  P.eometry and lar�er 

reactors , h i gher therma l neutron f luxes wi l l  hecome ava i l ah l e  makine  prompt 

�amma spectrometry compet it ive w i th de l ayed gamma ray measurements . The 

u l t imate sen s i t ivity  for the measu�ement of mercury by prompt gamma spectra-
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metry i s  four orders of magni tude higher than using conventional gamma 

spectrometry . 

Many of ear l ier measurements  on prompt gamma ray spectra were carried 

out with magnetic  pair and Compton spectrometers and were intended for 

appl ication in nuc lear phys ic s .  To be usefu l  for ana lytical  purposes such 

spectra should be taken wi th the s ame i n s t rumen t a t ion as used for ana l ys i s :  

Ramma spectrometers wi th Nal (Tl ) detectors . A comprehens ive program to  

compi le  an  at las of therma l  neutron capture gamma spectra of natura l ly occurrin�  

e l ement s has  been conducted by Greenwood . l 8 3 The capture gamma ray spectrum 

of mercury o f  natural i sotopic  compos it ion i s  presented in  Figure 37 , 
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observed low energy gamma rays and their assignments are in Table  XXX I I I  

and the high energy gamma rays and their  as signment s are summari zed in 

Tab l e  XXX I V .  
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h .  Tabular Survey on l·lercury Analysis  by Act ivat ion 

During the past decade , mercury determinat ions by act ivation analysi s  

have been carried out i n  a mul t itude of  substances with the emphasis  on 
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l i fe s c i ences . The t i t l es of repre sentat ive papers , grouped in l i fe 

sc iences ( b io l ogy , med i c ine , and foren s i c  app l ica t i ons ) , geosc iences (geology , 

geochem i s t ry , and cosmochemi stry) , materi a l s  and m i s c e l l aneous are pres ented 

in Tab l e s  XXXV - XXXV II I .  The se table s ,  b y  n o  rr.e ar, s  comp l e te , are intended 

to provide mere l y  a qui c k  s urvey and pos sib l y  some i n i t i a l  re ferenc es . 

TAB L F.  X X X V .  Ap p l i c a t i o n  of a c t i vat i on ana l y s i s  to t h e  
d e t erm i n a t i on o f  mercury i n  l i fe s c i e nc e s . 

T i t l e  of Paper 

R a d i o i 5o topes i n  t he Detec t i o n  of P e s t i c i de Res i dues 

( n , y ) Ana l y s i s  o f  Human B l ood 

The Use of A c t i v a t i on Ana l y s i s  in P rocedures for t h e  
Remova l a n d  Chara c t e r i s t i c s  o f  t h e  Surfa c e  
Con t am i n a n t s o f  Ha i r  

I d e n t i f i ca t i on o f  �let a l s  i n  Ta t t oo 'larks b y  Ac t i va­
t i o n  Ana l y s i s  and r.amma Spect romet ry 

I nv es t i �a t i on s  in �eut ron Ac t ivat i o n  Ana l y s i s  

Free z i n �  Tcchn i �ue i n  ��1 t ron A c t i v a t i on Ana l y s i s  

�le t h oJ s o f  A c t i va t i o n  Ana l y s i s  for :· lercury i n  the 
B i osph ere and i n  Food s 

Neut ron Act i vat i on Ana l y 5 i s  and i t s  App l i cat i on t o  
'led i c a l  Research 

D e t e rm i n a t i on o f  Tra c e  l' l ernen t s  in Human f la i r  by 
Neut ron Act i v a t i o n  and the App l i c a t i on to Fore n s i c  
Sc i en c e  

Ac t i v a t i on Ana l ys i s  App l i c at i on t o  t h e  Det erm i n at i on 
of I od i n e ,  �lercury , Copper , �lan r.an e s e ,  and Z i n c  in  
B i o l or. i c a l  Samp l e s  

Rad i o ac t i v a t i on An a l y s i s ,  A New Tec hn i que at t h e  
Serv i c e  o f  B i o l o�y 

A c t i vat i o n  Ana l y s i s  a s  a Too l for �led i c a l  Research 

Det e rm i n a t i on o f  'lercu ry in Pot a t o  F l our 

l i s e  of Rad i o i sot ope Tec hn i q ues in Sweden 

App l i c a t i o n s  o f  Neut ron Act i vat i o n  Ana l y s i s  in 
S c i en t i fi c  Crime D e t e c t i o n  

Chem i c a l  E l ement Ana l y s i s  o f  Rad i oac t i ve m x t ures i n  
R i o l o !l i ca l  ' lat eri a l s  

Ac t i va t i on Ana l ys i s  a s  a Met hod o f  I nves t i Ra t i on i n  
Den t i s t ry 

Quant i t a t i ve Determ i n a t i o n  o f  �lercury in ! la i r  by 
.A.c t i  vat i on An a l ys i s  

Present S t a t u s  o f  Act i va t ion Ana l y s i s  �pp l i c a t i on s  
i n  C r i m i n a l i s t i c s  

D e t erm i na t i on of Tra c e  E l emen t s  i n  Pharmac eut i c a l s  
b y  Neu t ro n  A c t ivat i o n  Ana l y s i s  

Det e rm i nat i on o f  Hercury Con t en t  o f  Human B l ood by 
Ac t i va t i on Ana l y s i s  
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TABLE XXXV . App l i ca t i on o f  ac t i vat i on ana l ys i s  to t h e  
d e t e rm i n a t i o n  o f  mercury i n  l i fe s c i ences (Con t inued ) 

T i t l e  of Paper 

l l i �h l ight s o f  the Y- 1 2  B i oana l y s i s  Laborat ory 
Opera t i on 

Determ i na t i on of Mercury in Wheat and Tobacco Leaf 
by Neut ron Ac t i vat ion Analys i s  Us inr  1 1� 1 9 7  and a 
S i mp l e  Ext rac t i o n  S eparat i on 

l nve s t i �a t i on of Crimes are by A c t i vat i on Ana l y s i s  

t nves t i t: a t ion o f  Trace E l emen t s  in 'Iar i n e  and 
l.ocus t i n e  Depos i t s  by Means o f  a Neu t ron Ac t i vat i on 
·�e t ho.J 
S imu l t an eous E s t ima t i on of Copper , Z i n c , Cadm i um  
anJ �1e rcury i n  B i o l o� i ca l !>!ater i a l s  b y  Neut ron 
Ac t i va t i on Ana l y s i s  

A ·�et hod for t h e  Detec t i on o f  lle rcury by Rad i o ­
ac t i vat i on Ana l ys i s  

lle t e rm i n a t i o n  o f  Some Tra c e  E l emen t s  i n  J luman Serum­
A l bum i n by Neutro n  A c t ivat i on Ana l ys i s  

Trace E l eme n t s  i n  t h e  Lun� 

Con t r i but i on t o  the Experimen t a l  De t ermi na t i on of 
Trace 'le t a l s  in B i o l o� i ca l  �la t er i a l  by Ac t i va t i on 
Ana l ys i s  by Therma l Neut rons 

App l i cat i on o f  Rad i o i sotopes for Ana l ys e s  V.  Neu t ron 
1\c t i v a t i on Ana l y s i s  o f  Agr i c u l t ura l S amp l es 

E s t imat i on of �lerc ury in R i o l o r. i c a l  'later i a l  by 
Neut ron Ac t ivat i on Ana l y s i s  

S i mu l t a n eous Determ i n a t i on o f  Mercury and Arsen i c  i n  
B i o l o� i c a l  and Or�an i c  Ma t e r i a l s  by Ac t i vat i on 
Ana l y s i s  

Determinat i on o f  Trac e  E l ement s i n  Dru� s b y  Neut ron 
A c t i va t i o n  Ana l ys i s  

Det ermi n a t i o n  o f  l.lerc urr i n  Ur ine b y  Rad i oac t i vat i on 

Tra c e  E l ement s in the Conduc t i ve T i s sue of Ree f 
Heart Determ i n ed by Neut ron Ac t i va t i on Ana l y s i s  

Ac t i vat i on Ana l y s i s  o f  �·1ercury 

Ac t ivat ion Ana l ys i s  o f  �lercu ry in Ce l l u l os e P roduc t s  
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2 .  Other Nuc 1 ear �1ethods 

a. Neutron Ahsorptiometry 

The property of strong absorpt i on for therma l neutrons of some 

el ements has not been gen era l ly accepted in spite  of the re l at ive l y  

simp l e  experimenta l  requi rements .  For comparison , the thermal neutron 

capture cros s sec t i ons2 of some sel ected e l ements are l i s ted in Tab l e  

Y.XX IX .  

I t  should  be noted that t h e  most  abundant e l ements  have very l ow capture 

cross  sect ions for thermal neutrons and thus <io not interfere with  analytical  

methuds based on neutron absorpt i on .  However , i t  should  a l s o  be kept  in mind 
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TABLE XXXIX. Thermal neu tron captu re c ro s s  s e c t i ons o f  s e l e c te d  e leme n t s .  

E lement Barns f: lement Barns E l ement Barns E l ement Barns 

Gd 4 7 , 000 I r  4 60 Lu 8 0  Al  0 . 23 

Sm 5 , 800 H!! 360 Au 99 p 0 .
1

9 

Eu 4 , 300 In 1 94 Re 85 Si 0 . 1 6  

Cd 2 , 390 Rh 150  Li  7 1  ��� 0 . 06 

Dy 940 Tm 1 2 5  Ho 65 F 0 . 1 0  

B 759 Hf 1 05 A� 63 0 0 . 0002 

that the scatter inp, cross s ection for l i �ht e l ements can be an appreciab l e  

fract ion of the total  reaction cross section and should  be taken into 

considerat ion when materia l s  for ca l ibrat ion curves are se lected . 

Macro amounts of mercury have been determined by neutron absorptiometry 

. l 
I 8 1  , 1 8  8- 1 9 0 . 1 8  9- I 9 1 

in matrices such as dry mercury bearing m1nera s ,  solut 1ons , 

1 1 8 8- 1 9 1 
and flotation pu ps . A comparison of the neutron-absorp tion method 

of d eterminin� mercury with s tandard chemical methods showed that the 

absolute error between the two methods never exceeded 0 . 2 percent . Appreciab l e  

errors can arise when other e l ements with high capture cross sect ions for 

thermal neutrons are present in the samp l e .  Such e l ements which tend to  

accompany mercury in geo log ical format ions are l i thium ,  antimony , and arsenic . 

The error introduced in a mercury determination by the presenc e of  one inter-

fering e lement can he est imated with the equation 

(C · A · o) = (C · o · A) Inter£.  H� ' 

where C are the concentrations , A the atomic weights , and o the thermal 

neutron capture cros s sections of the interfering e l ement and mercury , 

respective ly .  

b .  I sotopic  Di lution 

Ana lys is  by i sotopic  d i l ut ion is  based on the variat i on of the spec i fic  

activity of  an added tracer isotopic with  the e l ement to be det ermined as  

9 1  
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the resul t  of di lution by the inactive e l ement . I n  the case of mercury , a 

dithi zone extract ion of  Hg from the unknown-p lus-tracer so lut ion , an 

extraction from the tracer so lution,  and counting of e�ua l vol umes of each 

extract gives the in itial  and final speci fic activit ies required to compute 

the conc entration of  Hg present in the unknown . 

Ruzicka and Stary 1 92 descrihe a procedure for the measurement of Hg 
concentrations in the range 1 to 1 0- � 

�g/ l iter . The maximum sens i t ivit ies 

obtainab l e  hy other ana lytica l  methods 1 9 3 are summari zed in Table XL for 

comparison 

TABLE XL .  C ompari son of sen s i tivi�ie s of several analyt i cal me thod s .  

�fethod 
�faximum 

Sens itivity in p,ram l lg/ l i ter 

F lame Photometry 

Copper Spark 

Graphi t e  DC Arc 

Neutron Activation ( 1 0 1 3  n/cm2 /sec) 

I sotopic  Di lut ion 

1 0- � 

5 X 1 0- 6 

2 X 1 0- G  

6 X l O_ g  

1 0- 1 0 

I sotop i c  d i lut ion ana lysis  has been used to measure mercury traces in 

rice. 1 9 � 

c .  Backscatte ring o f  Bet a  Radiat ion 

When a beam of e lect rons s t rikes a piece o f  mat t e r ,  an appreciab le 

number may be re flected as a result of single and mul t iple scattering 

processes wi t h  the nuclei and electrons of  the reflect o r .  T h e  int ensity  

o f  the  re flected elect rons increases wit h  increasing thickness of the  

scattere r .  For thicknesse!i greate r  t han approximately one th ird of  the 

range o f  t he elec t rons , saturat ion scat tering is achieved . A f urther 

increase in t h icknes s  does not cont ribute  any thing t o  the intens ity  of  the 

9 2  
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ref lected elec t rons . The rat io o f  the measured act ivity of a beta source 

with re f lector to that wit hout reflector is called the backsca t tering 

factor and i s  virtually independent of the �,ximum beta energy for energies 

greater  t han 0 . 6  MeV. Both , the intensity  of the scattered elect rons , Is , 

and their maximum ene rgy after the scattering proces s ,  Es ' are functions of  

the atomic number of the scat terer and can be est imated from the emp irical l 9 5 

equations : 

I 
s 

and 

where Z is t he atomic number of the scattering nuc le i ,  I0 the in tensi ty o f  

the incident elec t rons , E 0  their maximum energv , and A and B are geomet ry 

coef f icients . In mul t icomponent mixtures , t he element t o  be determined 

should be 15-20 uni t s  of 7. grea t er t han the remainder of the component s .  

A s  beta sources Tl 2 o� ( Emax - 0 . 76 MeV) , sr9 0.y9 0  ( Emax - 2 . 18 MeV) , 

and Ru 1 0 6-Rh l 0 6 (Emax 
- 3 . 5 1  MeV) have been used . In  pract ice,  once a 

suitable  geometry for the measurement has been establ ished ,  a cal ibration 

curve rel ating percent reflected intens ity with mercury concentration is 

generated . Provided the atomic numbers of the e lement s accompanying 

mercury are about 15 units  less than 80, the cal ibrat ion curve should be 

a straight l ine over a wide concentration range .  Th i s  method has found 

l imited use to measure mercury concentrations in pharmaceutical  prepara­

tions l 9 6 and in ore enrichment product s . l 8 8 , 1 97  

3 .  Count ing 

An examinat ion o f  Tab le XXVI I  shows that Hg l 9 7 , 1 9 7m and �g 2 0 3  are 

the prod uc t s  which pe rmit the measuremen t of mercury concent rat ions \Ji th 

the highes t  sens i t ivi ty . Indeed these nuclides are generally used for 

ac t ivat i on analyse� . In the fol lowing di scu�s ion count ing met hod s for 

these nuc l ides wi l l  be t reated in some detai l .  Although t h e  decay schemes 
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of Hg l 'J 7 , 1 9 7m and l!g 2 0 3  a re p re s e n t e d  in Tah l e  I I ,  i t mav be us e ful  t o  

s umma r i z e  b r i e f l y t h e i r  predominant f e a t u r e s . 

'l;tss  1 9 7  

(a )  Abo u t  9 7  p e rc ent o f  a l l  h P. l 9 71ll nuc l e i  forme d i n  an i r rad iat ion 

undergo an i s ome r i c  t ran s i t ion t o  11 � 1 9 7 und e r  emi s s i on of 0 . 1 34 �leV and 

O . l h 4  !leV P,a!11JT1a rays wh i c h  arc in t e rn a l l y  c onve r t e d  t o  66 pe rcent and 

92 . 5  percen t , respec t ively . The r e s u l t of t h i s  in t e rnal conve rs ion p rocess 

i s  t he emi s s i on o f  l !g K X-rays o f  an ave rar,e ene r gy of 6 8  KcV . 

( b )  The nuc l itl e  l lg l 9 7  de cays to 9 R  pe rcen t by e l e c t ron c a p t u re t o  

t he f i r s t  exc i t e d  s t a t e  o f  Au l 9 7 wh i c h  res u l t s  i n  t h e  emi s s i o n  o f  A u  K 

X- ray s .  The exc i t e d  Au l 9 7 nuc l e i  t h en decav t o  t h e i r  grountl s ta t e  by I 

emis s ion o f  a 7 7  KeV gamma ray . 

In orde r t o  measure the mixt ure Hg 1 9 7m and Hg l 9 7 by p,amma spect re-

me t ry , on ly t h e  region b e tween 0 and 1 5 0  KeV is of in t e re s t .  E.xamp les of  

gamma spec t ra o f  Hg l 9 7m + Hg l 9 7 and llg l 9 7 are p r e sen t e d  in Figures 58 and 39,  

respec t ivc ly . l 9 8 Among other t h ings , t h e s e  spec t ra show that a Nai (Tl)  

detector cannot reso lve the 6 8  KeV and 77  KeV pe aks . I t  may be ins t ruct ive 

to compute the numb e r  o f  gamma and X-ray q uan t a  wi t h  ene rgies in t he 

68-77  KeV reg i on produced i n  1 00 d i s integrat ions o f  each o f  the nuc l ides 

l lg l 9 7m and 1 1� 1 9 7 .  The nece s s ary data l 9 9 , 2 0 0  are s l.D1Illlari zed i n  Tab l e  XL I .  

At an atomi c number of 80 , the e l ectron capture proc eeds to about 86  percent 

via K capture ; the remainder is mos t l y  L capture . Th e fluorescence y i e l d  

i s  96 percent a t  Z : 8 0 ,  so that 8 2  K X- rays are emi t t ed p e r  1 00 e l e ctron 

capture proces ses . 2 0 1 , 2 0 2 The tot a l  numb er of quant a emi t ted by H� l 9 7m and 

Hg l 9 7  per 1 00 d i s integrat ions in the energy ran�e 68-77  KeV then is for 

U g l 9 7m : [ ( 3 x 0 . 86 x 0 . 96) + 2 0 . 7 + 1 5 . 5 ]  = 38 . 7 ,  and for 

Hg l 9 7 : ( ( Y9 x 0 . 86 X 0 . 96) + 0 . 5  + 29 ]  = 1 1 1 . 2 .  

I n  order to es t imate a rea l i s t i c  detect ion l imit for mercury one 

shou l d  take into con s i derat ion the fo l l owing t hree fac tors which  c ause a 

decreas e o f  the photo peak count rates : 
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TABLE XLI. Low energy X- and gamma rays from Hg1 971D and Hg1 97• 

No . of 68- 77 KeV 
Gamma Percent No . of  K X-rays Quanta per 1 00 

Nuc l ide 

l lg 1 9_711 

llg l 9 7 

Energy (�leV) 

0 . 1 64 

0 . 1 34 

0 . 192  

0 . 077  

Unconverted 

4 . 5 

31 

o . s  
29 

Per Gamma Ray Dis integrat ions 

4 . 6  20 . 7 

o . s  1 5 . 5  

1 u . s 

0 29 

(a)  The effici ency of Na l (Tl ) detectors for 60- 80 KeV gamma quanta 

which i s  estimated2 0 3 , 2 0 '+ to be of  the  order of  40  percent provided the 

standard s i ze of 3 inch diameter x 3 inch thick is used . However ,  Morris 

and Ki l li ck l 5 3 pointed out , that an improved photo peak-to-Compton backnround 

ratio  can be real i zed with a thin ( 0 . 25  i n .  thick)  Na l (Tl ) detector . lligh 

energy ( > 1 50 KeV) gamma quanta have a much lower probabi l i ty of interact ing 

with the Nai (Tl ) detector than l ow energy gamma rays . I n  general thin 

Nal (Tl ) detectors wi l l  be advantageous where low energy gamma rays are to 

be counted in the presence of  high energy gamma quanta . 

(b)  When gamma quanta in the 33- 150  KeV range are counted with a 

Nal (Tl ) detector ,  for energy photo peak of energy E ,  an "escape peak" o f  

energy (E- 28 . 6  KeV) appears in the spectrum, resulting i n  a s l ight lowering 

of  the photo peak counting rate . Thi s  reduction becomes more appreciab l e ,  

the closer the energy o f  the photo peak approached the absorption edge o f  

iodine a t  33. 6 KeV. For the case of Hg l 9 7 and flg l 9 7m , this  e ffect has been 

estimated to be about 10 percent , 2 0 5 

The total photo peak e fficiency as wel l as the photo peak e fficiency 

without any escape peak interference has been comput ed by Gorski , 2 0 6 , 2 0 7  

(c )  A chemical recovery of l e s s  than 1 0 0  percent c l early means a 
further reduction in activity . An a lt ernative way o f  measuring l lg I 9 7  and 

llg l 9 7m would be by X-ray cotmt ing using a Xe- fi l led proportional counter , l 5 5 , 2 0 8  

The dimens ions and the pressure inside such a counter can be chosen t o  
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as sure a lmos t  comp l ete absorption o f  the X-rays . However , the apprec iab l y  

l ower efficiency for X-rays i n  t h e  60-80 K e V  range of  the proportional 

counter makes a thin  Nal {Tl ) detector a better choice .  

�lass  2 0 3  

Of l esser  importance for acti vat ion analys is , but  possib ly  more 

use ful for tracer s tudies is the 47-day Hg2 0 3 . Thi s  nucl ide decays to 

an exc i t ed state of n 2 0 3 by emi s sion o f  0 . 208 �leV beta part i c l es . The 

exci ted Tl 2 0 3 then decays to its  ground state by emi ss ion of a 0 . 279 MeV 

gamma ray . The decay scheme o f  Hg2 0 3 i s  very wel l  known and suggests 

measurement of thi s  nucl ide e ither by beta or gamma counting .  Again , 

gamma counting i s  preferabl e  over beta counting , s ince no corrections 

for se l f- absorption ,  absorption in air and counter window , and for hack­

scattering are necessary . A typical  gamma spectrum o f  Hg2 0 3 is presented 

in Figure 40. 
For counting methods  of other mercury isotopes the reader is  re ferred 

to papers describ ing their formation .  An ini t i a l  source for such re ferences 

are the tab l es by Lederer , Hol l ander and Perlman . 1 

V. IHSSOL!ITION METIIODS 

Mercury is comp lete ly vo l at i l i zed when i t s  compounds or substances 

containing the e l ement  are ignited or fused with Na2C0 3 or Na2o2 • Mercury 

is  partial ly vo l at i l i zed when solut i ons containing i t s  sa l ts , part icu l arly  

l lgC I 2 , are boi l ed or evaporated on a steam bath . The amount of mercury 

lost '"hen a mercury solution is evaporated to dryness  on a steam bath 

appears to  depend more on the shape of the ves s e l  than on the concen trat ion 

of mercury in the sol ut i on . 2 O lt  I IOI'iever , experience has shown 1 5  3 that 

inorgan ic samp les such as rocks or meteori tes can be disso l ved in concen­

trat ed ! IF and in the pre s ence of Hg carrier on a s t eam bath without l os s  o f  

mercury act i vity be fore t h e  exchange w i t h  t h e  llg carrier was comp iete . 
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During the wet oxidati on of  organic  materi a l s , variab l e  amounts of 

mercury are always lost because of  the h igh vol at i l ity of the e l ement and 

i ts compounds .  The amount s o f  mercury lost  under a variety of heating 

condit ions are presented in Figure 41 ,  taken from Gorsuch ' s  thorough study 

on t he recovery of trace e l ements in organic  and biolog ical  material s . 2 1 0 

I n  order to measure true mercury concentrat ions in organ ic  substances , 

comp lete  decomposi t ion of  the organic matter is  a must .  Incomp l ete 

decomposit ion i s  undes i rab l e  s ince mercury combines readi ly  with organic 

radicals  to form vo lat i l e  and covalent compounds which wi l l  l ead to incomp lete 

extraction at a l ater s tage in  the separat ion procedure • 
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Figure 41 .  Loss of  mercury by disti l lation when acid 
mixture was heated under di fferent conditions ; X, acid 
mixture alone , 0 ,  acid mixture wi th  1 ml of concentrated 
hydroch l ori c acid ; a ,  acid mixture in stream of  carbon 
dioxide ; 6 , acid mixture with 0 . 5 g of g l ycine . The 
broken l ine curve , o, is the temperature-vo l ume disti l l ed 
curve for the nitric-perch loric- sulphuric  acid mixture . 

Gorsuch2 1 0 suggested a very efficient method for the wet oxidat ion of 

organic  matter in a c losed system in which mercury is retained quant itat ively  

and which is  reproduced below :  " • • • a s  mercury has been shown t o  dist i l l 

from systems containing perch lor1c ac id and organic mat t er ,  it i s  obvious ly 

necessary to make some provision for the co l l ection of the disti l l ate . 

This is achieved hy us ing the apparatus shown in Figure 42. With this 

apparatus , a l iquid heated in the fl ask wou l d  reflux through tap A, reservoir 
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B and the condenser. I f  the tap were then turned through 90
°

, the dist i l late 

would rise up the s ide connection D ,  condense , and fal l into the reservoir , 

where it would be retained . A further 90
° turn of the tap would al low the 

Figure 42. Apparatus for control led decompos it ion of organic materia l . 

condensate to run out through s ide- arm c .  I f  a di luted mixture o f  nitri c ,  

perchl oric and sulphuric acids were heated , with  the tap i n  the second 

posi t ion , nitri c  acid and water wou ld dist i l l  into B ;  thi s would  cause the 

temperature of the solut ion remaining in the flask to ri se . The who l e  

syst em  can b e  stabi l i zed a t  any parti cul ar temperature by runninp, the 

condensate out o f  B and turning the tap to the re flux pos i t i on .  The 

oxidation potential  can thus be stead i l y  increased or held constant • • •  " 

P i j c k ,  l lost e ,  and Gi l l i s  investigated the losses of  se l ected trace 

e lements  during mineral i zation of organic material  and found that on the 

average less  than S percent of mercury cou ld be recovered after heatin�  

the  s amp l es to 400 ° C  for 24 hours . 2 1 1  

V I .  COLLECTION O F  DETAILED RAD IOCHEMICAL PROCEDURES FOR MERCURY 

In the following , detailed p rocedures are p resented for t he separat ion 

o f  mercury activi t ies f rom various mat rices ranging f rom ult rapure me tals to 

1 0 1  
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biological samp les . The p rocedures are arranged , quite arbit rarily , according 

to the method o f  separat ing mercury f rom the mat rix into radiochemical met hods 

(Procedures 1-20 ) , volat ili zat ion (Procedures 2 1-30) , elect rochemical d isplac­

ment (Procedures 31 and 32 ) , isotop ic dilut ion (Procedures 33  and 34 ) , radio­

met ry (Procedure 35 ) , isotopic exchange (Procedure 36 ) , and las t ly ,  a color­

ime t ric me thod (Procedure 3 7 ) , recommended for s t andardiz ing carrier solutions . 

PROCEDURE 1 .  

A Neutron-Activati on Study of the So l ub i l ity o f  Mercury in Water 

Source : S .  S .  Cho i and D .  G .  Turk , .J . Chern . Soc . ( London) �. p .  4080 . 

Standard So l ut ion 

A standard solut ion was prepared by dissolving 0 . 24 220 g of mercuric 

chloride in 250 ml of  d ist i l l ed water , then di luting S ml to 1 00 ml with 

di lute s u l furic acid ; acid is neces sary to prevent adsorpt ion by the g l as s 2 1 2 

and the on ly rel evant work 2 3 reports that sul furic acid contains less  mercury 

as impuri ty than do the other mineral acids . The final solut ion contained 

48 . 44 �g/ml ; i t s  dens i ty at 25 °C was 0 . 99 14  g/ml . 

By a technique s imi lar to that described be low ,  1 drop of freshly 

prepared solution was trans ferred to a weighed s i l ica irradiation phial  of 

4 mm d i ameter , and the weight of solution in the phial  was determined . 

Dis t i l led water was then added to di l ute  the solut ion in  the phial 

( · 10- fold) , and to give a depth of so lution approximately  the same as in 

the phials  containing solut ion samp l es .  The phial was subsequent ly sealed 

and t reated in the same way as the solut ion samp les . The di lution of the 

s tandard solution was necessary for two purposes . Firs t ,  attenuation of the 

neutron flux is  reduced , s ince sel f-shielding fa l l s  off exponent ial ly with 

decreasing concent rat ion and should  be neg l igible  with the di luted solution . 

Second ly ,  any di fferences in the e ffective neutron flux received by sample  

and standard , due to inhomogenei ty , are minimi zed by  keeping the  depth of 

solut i on the same i n  both cases . 

1 0 2  
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Sampl ing, Packing,  and Neutron Bombardment 

Great care was taken to avoid contaminat ion during samp l ing ,  especia l ly  

since l aboratory air normal ly  contains appreciab l e  quant i t ies of  mercury 

vapor2 3 and s ince mercury is s trongly adsorbed on g l as s . 2 1 2 To avoid the 

first di fficulty the thermostat-baths were p laced in an o ffice room where 

chemica l s  were not hand l ed .  The s i l ica irradiation phia l s  were prepared in 

advance , c leaned as described above , and heated to red heat t o  drive off 

adsorbed materia l , and both ends were then sea led unti l  required . The tubes , 

and s imi l arly treated s i l ica samp l ing pipettes , were stored in a desiccator 

unt i l  required . 

Immedi ate ly before samp l ing ,  three phia ls  were opened and a thin s i l ica 

funne l  was inserted in the neck of each to prevent l iquid wetting the neck 

during the fi l l ing . The s amp l ing pipette was meanwhi l e  opened and p laced i n  

a s i l ica guard- tube heated e lectrical ly  t o  a temperature s l ight l y  above that 

of the solution in question . The solut ion vessel  was next raised to be hal f­

immersed in the thermostat-bath and the top was broken o ff at a previous 

kni fe-mark ; the samp l ing pipette was washed through with solution , which was 

rej ected , and an appropriate vol ume of solution was t rans ferred to the phial , 

which was coo l ed in ice .  The phia l  was then quickly  sealed .  TI1e who l e  

operation needed about 1 minut e .  The weight o f  so lution was determined later.  

Two samp l es were taken from each so lution ; the third phial  contained disti l led 

water to provide a contro l test o f  the samp l ing procedure . 

Al l the sea l ed phi a l s  were tested by heat ing at 100 for 24 hours , and 

then packed in the standard a l uminum irradiation can . Each can contained 

2 pairs of s amp l es and a pair of standards , as we l l  as 2 control tests with 

sufficient s i l ica  wool to prevent movement . As far as poss ib l e ,  each phial 

was p l aced symmetrical ly  in the can with respect to its  dup l icate . Ca lcu­

lations based on the equation given by Hughes l 57  showed that flux depression 

should be neg l igible  under these condit ions . 

The solutions were irradiated for approximate ly 1 week in BEPO at pi l e  

factor 1 2 .  N o  phia l s  burst .  After transport t o  the l aboratory , the cans 
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were left for 1 - 1 / 2  days to cool ; the phia l s  were then removed ,  washed 

extensively with a lcohol and water , and final ly  immersed overnight in aqua 

regi a .  The phial s were again thorough ly washed with water before chemi cal  

treatment . 

Chemical  Separati on o f  Radioactive Mercury 

Although y - ray spectrometry was used in the counting , the presence of  

foreign act ivi ties with  energies s imi l ar to those being detected i s  always 

pos s ib l e .  For examp le ,  Lel iaert 2 1 3 has shown that appreciab l e  activities may 

arise  from the impurities present in the s i l ica .  Chemical separation of the 

act ive mercury was therefore carried out before count ing . 

The phial  ( either standard or sample)  was first  centri fuged to co l l ect  

all  the  l iquid at the  bottom of the tube , and the solution then frozen in 

l iquid air before being broken open . Thi s  freezing was necessary because of 

the considerabl e  pressure ( at room temperature) of the gaseous radiolysis  

products . Both parts of  the broken phial were p l aced in a flask containing 

inactive mercury carrier ( 1 5  mg for solution , 30-4 5  mg for standard) in 

3 . 5M-nitric acid .  The phial  was compl etely  covered with  acid ( - 1 5  ml ) 

which was forced into any empty spaces with a dropper ; al l washin�s were 

returned to the flask , whose content s were gent ly re fluxed for 1 hour . 

This treatment comp letely  removed active mercury from the phial , and al so 

ensured that active and carrier mercury had the same chemical form .  The 

broken pieces of the phial  were removed ,  and the washings , and those from 

the condenser , were added to the flask . Since nitric  acid does not attack 

s i l ica , thi s  teratment should not bring any foreign activities into so lution . 

Hydrogen sul fide was passed through the solut ion for about 1 hour , 

precipitating mercuric sul fide ; the solution was warmed on a water-bath 

during the early part of this period . Oxidat ion of  the precipi tate by nitric  

acid  does not occur i f  hydrogen sul fide i s  always present in excess . 2 1 2 The 

precipitate was final ly  col lected by centri fugation and washed twice with 

2�-hydrochloric acid . The precipitate was dissolved in a few drops of aqua 

regia ; 3 ml of concentrated hydroch l oric acid were added to this solution and 
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the mixture evaporated almost  to dryness to remove nitric acid . 2�-hydroch loric 

acid ( 20  ml)  and s i l ver nitrate solut ion ( 1  mg of  Ag+ per ml ; S m l )  were added ; 

this s i lver chloride precipitation scavenges out any foreign act ivit ies , and 

also  removes any col loidal sul fur present . This  scavenging was repeated ; 

and mercuric sul fide then precipitated from the di lute  hydrochloric acid solution . 

The centrifuged precipitate was washed (twice with di lute hydroch loric 

acid , twice wi th water,  once with acetone) , and the acetone slurry was fi l tered 

through a constant-weight g l ass-wool fi lter paper (Waterman g lass paper , 

w .  and P .  Ralston Ltd . ) . Each fi l ter was dried at 1 0S0 for 1 - 1 /2  hour 

in a separate Petri dish  to prevent cross-contamination ;  in addition , a 

s imi l ar weight of  inact ive mercuric sul fide was dried at the same t ime to 

check for possible  contaminat ion in the drying process . The chemical yield 

of mercury was obtained from the weight of the dry precipitate . The fi lter 

paper and precipitate were mounted on an a luminum counting tray with a few 

drops of Perspex solut ion ; after this had evaporated , the samp l e  was covered 

with Se l l otape . 

y-Ray Spectrometry 

The counter consisted of a 1 "  x 1 "  Nal (Tl ) crystal and photomultipl ier 

tube coupled via a l inear ampl i fier to either a "Phi l ips" s ingle-channel  

pul se-height analyzer,  or a SO- channel analyzer . The radiochemical purity 

of each precipitate was checked by recording its y-ray spectrum in the 30-

300 keV region with the SO-channel analyzer,  and by comparing this  with the 

spectrum of Tm l 7 0 , with photo peaks at 84 (y)  and 49  (X-ray) keV. A typical 

spectrum , reproduced in Figure 43 , shows the 68-77  keV photo peak broadened 

on the low- energy side ; the resolut ion is - 2S \ .  The Compton scattering from 

higher-energy radiation is neg l igible  in thi s  region . 

The final activity measurement invo lved counting the pul ses in the 

68-77  keV band by using the s ing le-channel analyzer.  The samp l es were 

placed about 0 . 4  em from the front surface of the crystal . At least 

l . S  x 1 04 counts were recorded for each samp l e ,  thus reducing the statis-
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t ical error to below 1 percent . This number of  counts could  be recorded 

in a t ime sufficient ly short that no decay correction for decay was 

necessary .  

PROCEDURE 2 .  

The Determination o f  Mercury i n  Rocks by Neutron Activat ion Analys i s .  

Source :  o .  F .  C .  Morris and R .  A .  Ki l l ick , Ta lanta !!• 7 8 1  ( 1 964 ) . 

I rradiat ion 

About 0 . 8 g s amples  of rock were accurate ly weighed and seal ed in 

cyl indri cal  a luminum capsules o f  6 mm diameter . Standards were prepared 

by weighing out 0 . 1 ml a l iquots of a di l ute standard solut ion of mercuric 

nitrate ( SO mg of  Hg/ l iter) into s i l ica tubes o f  4 mm internal diameter . 

The s i l ica tubes were sea l ed with a burner , the lower parts being coo led 

to avoid any pos s ibi l i ty of losses by evaporation . Containers of samp les 

and standards were packed together with s i l ica  woo l in a standard 1 inch 

diameter x 3 inch l ong screw- top a luminum can , and sent to Harwel l  for 

irradiation .  I rradiat ions were for 6 days i n  a nuc l ear reactor a t  a thermal 

flux o f  1 . 2  x 1 0 1 2 n/cm2 sec . 
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Radiochemical  Separation 

Because of the compl ex nature of rocks , non-destruct ive analysis us ing 

scint i l l at ion spectrometry was impossib le .  On the  other hand , a s imple  

radiochemical  procedure for separating mercury from other contaminants was 

easi ly  developed . Experimental  detai l s  are as fo l lows . 

Step 1 :  Remove the irradiation c apsules  containing portions o f  rock 

from the can , open them , and trans fer the samp les to 60 ml  p l at inum crucib l es ,  

each containin� 1 m l  o f  standard mercury carrier [ 1 0  mg o f  Hg/ml as mercuric 

nitrate in 1 M nitric acid ; standardi zed gravimetrica l ly with bis (ethylene­

diamine) copper ( I I )  tetra- iodomercurate ( I I ) ] .  Wash out the capsules with a 

l itt l e  wal'lll 6 �� nitric acid and trans fer the washings quantitative ly to the 

crucibl es (Note 1 ) . 

Step 2 :  To each samp le add 1 0  m l  o f  40  percent hydrofluoric aci d ,  

cover the cruc ib l e  l oose ly  wi th the p lat inum l id ,  and digest o n  a s team-bath 

unti l  the samp l e  has comp letely dissolved . Add 3 m l  of 9 � perch loric acid 

and 2 ml  of 1 6  � nitric acid , and heat the mixture ti l l  white  fumes of 

perch lori c  acid begin to be given off,  taking care to avoid spattering . 

Repl ace the cover l oose l y ,  and continue to heat for about 5 minutes at a 

temperature at which the perchl oric acid fumes moderate ly  but does not 

rapid ly  ev.aporate .  l leat for 5- 1 0  minutes longer and fina l l y  evaporate care­

ful l y  a lmost to dryness (Note 2) . 

Step 3 :  Trans fer the residue with 1 0  ml o f  water t o  a S O  ml cent ri fuge 

tube . Add S- 6 drops of 20\ stannous ch l oride solut ion . Centri fuge  and 

discard the supernate.  Wash the precipitate of mercury ( I )  chloride 

thorough ly  with water and ethano l .  Discard the supernates . 

Step 4 :  S lurry the mercurous chloride with acetone and trans fer to the 

bottom of a long co ld- finger condens er packet ( 1 7  x 2 em) us in� a long­

tipped dropping pipette for the purpose .  Evaporate the  acetone with gent l e  

heat ing . Cover the sol id mercurous ch loride with powdered iron , and insert 

the co ld  finger . App ly increasing heat from a microburner , and maintain the 

flame for a few minutes to drive al l the mercury onto the tip of  the co l d  
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finger (Note 3 ) . Al low to coo l  comp letely  before removing the j acket and 

rep l acing it wi th another containing 6 drops of 1 2  � hydrochloric acid and 4 

drops of 1 6  � nitric  acid . Gent ly  disti l l  the acid onto the finger (water 

fl ow now shut off) unt i l  the gray fi lm of mercury is dissolved . Coo l  again 

and dismant l e , rinsing the co l d  finger thoroughly as it is  withdrawn . 

Step S :  Trans fer the aci d  solut ion fro. the outer j acket t o  a SO m l  

centri fuge tube . Wash thoroughly with water and add the washings to the 

contents  of the centri fuge tube . Make the resu l t ing solution faint ly  

aJIIIIIoniacal and add S ml  o f  2 percent potass ium iodide so lution .  l leat on a 

s teambath and add , dropwise ,  a hot concent rated aqueous sol ut ion, of 

bis (ethyl enediamine) copper ( I I )  nitrat e .  Allow to cool to room temperature . 

Centri fuge , wash the precipitate several t imes with a solution containing 

0 . 2  g of KI and 0 . 2  g of [Cu en2 ] (N0 3 ) 2 • 2H20 in 200 ml of water , and then 

with ethanol . S lurry the precipitate with ethanol onto a weighed aluminum 

counting tray and dry under an infrared l amp .  Cool and weigh t o  deteraine 

the chemical yie l d  (us ua l ly - 80 percent ) .  

Treatment of  I rradiated t-lercury Standards 

At a suitab l e  time open the s i l ica i rradiation tubes containing the 

mercury standards . Usi ng a trans fer pipette drawn out almost to a point , 

transfer the irradiated mercury solution quant itative ly to a SO m l  vol umetric 

flask . Make up to the mark with 3 � nitric acid . Trans fer a 1 0  ml al iquot 

to a SO •1 centri fuge tube containing 1 ml  of standard mercury carrier . 

Precipitate [Cu en 2] [Hg i 4 ] ,  mount , dry and weigh it as described in Step S 

of the procedure for rock samples . 

Notes 

( 1 )  Where pieces of rock , as opposed to powdered samp l es ,  are irradiated , 

re.ove surface contamination by c leaning with war. 6 � nitric acid . After 

attack of the c l eaning solution has proceeded for l . S  minutes , remove the 

port ion of rock and wash it thorough ly with water . 
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( 2 )  When an irradiated standard was put through St eps 1 and 2 of the 

radiochemical procedure , i t  was found that no loss of  radiomercury occurred 

before exchange with carrier had been achieved . 

0 ( 3) The vapor pressure of mercury at 4 00 C is 2 . 07  atm. 

Act ivity Determinat ion 

The e l ectromagnetic  radiation from Hg l 97 in final precipitates from 

samples  and standards were measured at constant geometry by scint i l lat ion 

spectrometry .  A thin (3 inch diaaeter x 0 . 25 inch thick) Nal (Tl )  crysta l 

with a bery l l ium window was used as a detector t o  reduce the effect of any 

high-energy gamma radiation .  The Hg l 97 spectrum was general ly studied after 

3 days from the end of  irrad iation in the region 0- 1 50 keV. This  regi on is 

lower than the Compton distribution resul ting from any higher-energy gamma 

rays , and the backp.round i s  relatively low and flat . With the present 

technique the 68-keV X-rays and 77- keV gamma rays could not be  resolved . 

The activity of  llg l 9 7 was determined from the area under the compos ite  

peak . Background correct ion was  made by  extrapol ation o f  th� Compton 

contribut ion . This method of subtract ion proved practical and reproducib l e ,  

a l though a more refined method could possibly  b e  devised . A se l f-absorption 

correction curve , prepared in the conventional manner by precipitating 

di fferent amounts o f  [Cu en2 ] [Hgl 4 ] with fixed amounts o f  mercury , showed 

that with the range of weights of precipitates obtained from the radiochemical 

procedure count rates could be compared direct l y .  A total photopeak area of  

1 00 cpm was considered to be  the  practical l imit of  detection . 

PROCEDURE 3 .  

Hg 2 0 6  As  a Branching Member o f  the Uranium Series 

Source : Wo l f, Lux , and Born , Radiochimica Acta l• 206 ( 1 964 ) . 

Procedure 

Thi s  separation procedure is carried out in a glove box which should  

be kept under a s l ight negati ve pressure and which should  have a c l ean 
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( uncont aminated) access port . A n i t ri c  acid s o l ut i on o f  RaD , RaE , and 

RaF (Ph2 1 0 , Bi 2 1 0 , and Po2 1 0 ) i s  pipetted in an evaporation apparatus which 

i s  c l osed toward the atmosphere by means o f  a Na�� wash bott l e  and a charcoal 

fi l t e r . The so lut i on is  s l ow l y  and c areful l y  brought to dryness , then taken 

up by gent l e  warmin� in about 2 . 5  m l  of 0 . 5_!! !IN0 3 and trans ferrcrl iu an 

Erl enmeyer flask for neutra l i zat i on .  The pl l of this s o l ut ion , measured with  

a p, l as s  e l ectrode , i s  adj ust ed to 2 . 6  wi th d i l ut e  NaOI I .  

Pre l iminary Separation o f  RaE and RaF 

A mercuric oxide bed , about 2 em i n  d i ameter and 2 em h i gh ( - 1 2  g 

yel l oli HgO) i s  washed wi t h  water , ac idi fied with !IN0 3 to a pl l of 2 . 6 ,  unt i l  

the e ffl uent has a p H  o f  3 a t  a fl ow rat e  of  0 . 5  t o  1 ml /minut e .  The 

neut ral i z ed RaD , F., F s o l ut ion is t rans ferred from the Erl enmeyer flask to 

the llgO bed and fi l tered through it under vacuwn . The fi ltrate i s  set as i de 

and may be worked up later since i t  contains smal l amount s o f  RaD (Pb2 1 0 ) .  
The bul k  o f  RaD , about 95 percent , i s  washed from the HgO bed with water , 

ac id i fied wi th  HN0 3 to a pH of 2 . 6 . The collect ion f lask under t he HgO 

+2 bed contains 20 mg o f  Hg carrier in 0 . 3  ml glacial ace t ic ac id , The 

remainder of the RaD is washed from t he bed with 5 ml of water (pH 2 . 6) 

and set as ide to be worked up lat er . 

Separat ion of Hg2 0 6  f rom RaD and f rom Small Amount s  o f  Ral:: , RaF,  RaE" . 

To the solution which contains t he bulk o f  RaD and Hg carrie r ,  10 � g  

++ 
Ba is added followed by 1 ml of a 5 percent NaCl solu t ion and 0 . 1  ml 

saturated Na-acetate solution. The mixture is allowed to stand to le t 

Hg2 0 6  grow in RaD . 

In order t o  perform rapidly the following separat ion step s ,  f ive 

"filtrllt ion elemen t s" were connected in serie s .  On e  s uch f i ltrat ion 

element is shown in Figure 44. 

The ini t ial precipitate is trans ferred to a f r i t  and d r ied under 

vacuum. By opening sligh t ly the lower stopper , air enters the frit  and 

swirls up the precipitate . Through s idearm b ,  fresh carrier and reagents  
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Figure 44. Filtrat ion Element ; a ,  b, s idearms for the addi t ion 
of reagents , c to be connected to a vacuum l ine . 

are admitted to the f i l t rate.  After thorough mixing , more precipitant is 

added through sidearm a. After precipitat ion and vent ing , solut ion and 

precipitate are allowed to reach the frit  of the following filtrat ion 

element where above process is repeated . 

Step 1 

To the aged RaD solut ion , 0 . 3 ml of a 5 percent solut ion of 

Na2Cr207 • 2H20 is added , mixed thoroughly , and RaD iR prec ipi tat ed . The 

mixture , solut ion and precipitate ,  are trans ferred to the f i ltrat ion 

apparatus described above and f i ltered through a glass fri t .  

Step 2 

To the f i l t rate from s tep 1 ,  10 ug of Ba
++ 

and 0 . 2  ug of Pb
++ 

in 

0 . 3  ml of 2! acet ic acid and 0 . 1 ml of a 5 percent solut ion of NaCl are 

added . The solution is mixed by bubb l ing air through i t . Through t he 

second s idearm 0 . 2 5  ml of Na2cr207 solut ion is added and a f ter t horough 

mixing is f i ltered through a membrane f i lter into a second f i ltrat ion 

element .  

Step 3 

Repeat Step 2 .  

Step 4 

In the third f i l t ration element , 8 u g  of Bi
+3 

carrier in 0 . 3 ml of  

concent rated HCl are added to the  f i l t rate and mixed ; through one s idearm 
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15 mg KCN in 0 . 5  ml water are added . The cyanide ions form with hg
++ 

undissociated Hg (CN) 2 • Through the second s idearm 250 ug of (NH4 ) 2HP04 in 

1 ml of water is added to precipitate BiP04 which carries the RaE (Bi2 1 0 ) . 

The mixture is f i ltered through a membrane f ilter .  

Step 5 

A solut ion o f  100 ug SnCl2 in 1 ml of concentrated HCl is placed 

inside the fourth  filtrat ion element . As soon as this solut ion is mixed 

wi th the f i l t rate from Step 4 ,  Hg2Cl 2 precipitates which is f i ltered through 

a f ine filter  pape r .  The precipitate is washed twice with 1 m l  of 2 ! HCl 

and twice with 1 ml of a lcohol-ether , then removed from the glove box , 

dried for �0 seconds with  hot air , and counted . 

The t ime req uired from first f i l t rat ion to the beginning of the 

count ing is  about 5 minute s ,  the chemical recovery of mercury is of the 

order of 50-70 percent . For clari ty , the ent ire separat ion scheme is 

d iagramed in Figure 45 .  Some important decontaminat ion factors are lis ted 

in Table XLI I .  

RpD, E, F (Pb21 0 Bi21 0 p 21 0 , , 0 ) 

j 
Hg 

CARRI ER 

8a 
CARRI ER 

RoD 

\ 

Figure 45 .  Scheme for the isolation 
of llg2 0 6 from RaD. 

Ba + Pb  
CARRIER 

Ba + Pb 
CARRI ER 
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TABLE XLI I .  Decontaminat ion factors for some e l ement s . 

P re l im . 
Element Sep ' n .  

Pb 

Bi 2 X l o2 

Po 

T l  

Deconta11ination 
Factors 

Pre c i pi t . Procedure 

> 1 0 8  

5 .X 105 

2 X 1 02 

2 X 1 02 

PROC imURE 4 

Tot a l  

> 108  

1 08 

106 

4 X 10"  

Determinat ion of  tlercury in  Wheat  and Tobacco Leaf by Neut ron Act ivation 
Analys i s  Usinp, �lercury- 197  and a Simple Exchange Separa t ion 

Source : C .  K. Kim and J .  Si lve rman , Ana l .  Chern . 3 7 , 1616 (1965 ) . 

Apparatus 

Samp les were count ed using a RIDL 2 00 channel ana lyzer equipped wi th 

a 2 x 2 inch Na ! (Tl ) well  type detec tor (1 x 1- 1 /2-inch wel l  size) . The 

reflux conden�er used was a Friedrichs Drip Tip type S 24/40 ; total length ,  

350 mm .  A standard solut ion of  mercury was prepared by dissolving a known 

weight of mercuric oxide in reagent grade concent rat ed nit ric ac id and 

di lut ing wi t h  demineralized water to give 4 8 . 2 �g per ml of mercu ry in a 

final concent rat ion o f  0 . 1� nitric ac id . 

The tobacco leaves we re dried in an oven at 45 °C for two weeks prior 

to ana lysis . 

Sample Irradiat ion 

A wei ghed sample was t rans ferred to a polyethylene vial . Mercury eva-

porat ion was minimized by . coat ing the vials wi t h  paraf f in ,  and the  temperature 

of the reactor at the loading s i t e  was maintained at  less than 30 °C . The 

via ls were pos it ioned s ide by side within a polyethy lene bot t le along ,.,ith  a 

vial contain ing the standard me rcuric n i t rate solution and i rradiat ed in the 
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Univers i t y  of Haryland reac t o r .  The peak t he rmal neut ron f lux at the samp l e  

pos i t ion uas 1 . 4  x 10 1 1  neutrons cm- 2 sec- 1 

Procedure 

The irradiated samp l e  was trans ferred to a 50 ml round bottomed 

disti l l ing flask containing 3 ml of concentrated nitric acid . About 

SO �g of mercury carrier were added and the flask was connected to a 

re flux condenser . The samp l e  was refluxed for 20 minutes usi ng a G las-Co l  

heater. A 1 to 1 . 5  m l  portion of concentrated sul furic acid was added 

through the s ide arm of the condenser,  and heatin� was cont inued for an 

additional 25 minutes . The flask was cooled with an ice bath , and 

disconnected from the condenser . The outside of the f lask was warmed to 

about 80 °C to el iminate nitrogen dioxide and was then repl aced in  the 

i ce bath . 

The so l ut ion was d i l uted with 2 ml of water and about S m l  o f  concen­

trated ammonium hydroxide were added dropwise unt i l  a so lut ion with a pl l of 

1 to 2 was obtained . The so l ut ion was trans ferred to a 30 ml  Boston 

bott le  and 0 . 5 gram of ammonium bromide was added ; the bott l e  was shaken to 

dissolve the sa lt . A 0 . 050 ml portion of trip l e-disti l l ed mercury was added 

with a micro l iter pipet ; the bot t l e  was capped and shaken for 5 minutes . 

The mercury drop l et was separated from the solution by pass ing the mixture 

through a fritted g l ass disc . The mercury was washed with water and acetone , 

a�a the dropl et was trans ferred to a Lusteroid centri fuge tube ( 1  x 3 . 5  

inches) for counting purposes . The mercury dropl et was dissolved by adding 

6 to 7 . drops of  concentrated nitric  acid ; vo l ume was made to 1 0  ml with 

water . and counted in the spectrometer. The 68 to 77-keV photo peak region 

was measured to determine the mercury content . 

PROCEDURE 5 

Determinati on of �1ercury in Human B l ood by Activation Ana lys is  

Source : Comar et al . ,  Bul l .  Soc . Chim . France 19621  56  
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Preparation and I rradiat ion of Sampl es 

I n  the preparation of samp l es , extreme care must be exercised to 

avoid  contamination by mercury vapors which often occur in l aboratory air . 

Everything which comes in contact with the b l ood to be analyzed should be 

washed in detergent solut ion , rinsed first with di l ut e  nitric acid , then 

with b idisti l l ed  water,  and final ly dried . 

The b lood i s  withdrawn and p l aced in a cent ri fuge tube which contains 

a drop of  heparin .  A fraction ( 0 , 3 - 1 . 0  m l )  o f  this b l ood sample i s  trans­

ferred to a quartz ampoule of  ahout 8 mm o . d . and about 40 mm l ong . The 

open end of  this  ampoul e had been drawn out before fi l l ing in order to avoid 

decompos i tion of  the samp l e  during seal ing . The weight di fference of the 

quart z s amp l e  tubes before and after fi l l ing represents the wei�ht of b l ood 

to be i rradiated . 

Standards are prepared by dissolving sufficient Ur.C l 2 in bidisti l l ed 

water to give a final mercury concentration of 0 . 1 �g/ml . About 0 , 5 ml of  

this  solution are used as  standard and are a l so sealed in  quartz tubes . 

The samp l e  and standard tubes are packed in groups of five inside a cy l indrical 

aluminum tube after wrappin� each ampoule  in quart z wool  to avoid breakage 

during hand l ing , The a luminum tubes are sea l ed and irradiated for seven days 

at a thermal flux of 1 . 6  x 1 0 1 3 neutrons/cm2 sec . 

After irradiat ion , the s amp l es are al l owed to coo l for 8- 1 5  days , 

after which t ime the res idual radioactivity has pract ical ly  decayed . 

Extract ion of �lercury from Samples 

Before opening , the quart z ampoules are washed with nitric acid and 

rinsed with disti l led water to be certain that al l traces of mercury which 

may have contaminated the outs ide of the quart z container before irradiat ion , 

has been removed . Before the samp le tubes are opened , it  i s  recommended to 

immerse them in l iquid nitrogen to l iqui fy a l l  gaseous decompos i tion products 

formed during irradiation . The samp l es and the fragments  from the quart z 

ampoul e  are p laced in a 50 -ml  flask and 200 , 0  mg J ig as llgC1 2 i s  added as 
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carrier . After addit ion of 2 m l  concentrated sul furic acid , the excess water 

is  dist i l l ed and co l l ected in a bubbler containing some powdered KMnO� to  

retain any volat i l i zed mercury . The final decomposition of the organic 

matter is  accomp l i shed by add ing 4 m l  of  3 0  percent 1 1202 and boi l in� under 

reflux for 5- 1 0  minutes . After coo l ing , the decompos it ion i s compl eted by 

adding 2 ml of fumin� nitric acid and bo i l ing unt i l  the solution is c l ear . 

The dist i l late obtained at the beginning of the decompos i t ion procedure 

i s  added to the so lution resul t ing from the oxidat ion ; the KMnO� i s  reduced 

by addition of 4 ml of a saturated hydroxyl amine sul fate solution . The c l ear 

l iquid now is fi ltered throup,h a bed of quart z wool to remove quartz splinters 

from the samp l e  ampoul e .  The mercury , a l ready reduce� b y  the hydroxylamine , 

is precipitated with concentrated ammonia . After decantat ion , the precipitate 

agp, lomerates i nto a sma l l  sphere which is washed first with d i l ute hydroc h l oric  

ac id , then dried with  acetone . 

The radiochemical purity of thi s  mercury sphere is not suffic ient ly high 

for precision activity  measurements . In fact , i t  i s  very possible  that 

during the precipitat ion of mercury , traces of  go ld and s i l ver wi l l form an 

amalgam.  In a final puri fication step ,  the  mercury i s  dist i l l ed in a vacuu. 

of about 1 0- 2 mm and the bright drop let of mercury is pl aced in a smal l 

weigh ing bott le . The wei ght of the mercury sphere is  compared with the 

200 . 0  mg of mercury added as carrier,  and a chemical yie ld is computed . The 

mercury standards are taken through the same procedure as the samp l es . 

Count ing 

I n  order to insure reproducibl e  count ing geometry for samp l es and s tandards , 

the mercury drop i s  p l aced in a weighing bot t l e  and i s  dissolved in 0 . 5 m l  

concentrated nitric acid .  The weighing bot t l e  (· 2 em  o . d . )  i s  p laced d irectly 

on top of the al uminum can of  a scint i l lat ion detector . The counting geometry 

i s  very c lose to 2 w under these condi tions and the counting efficiency for 

both the 68 keY X·ray of Hgl 9 7 and the 279 keY galiiDa ray of llg2 0 3 are close  

to 1 5  percent . 
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The �amma counter is mounted in a l ead shie ld  of 1 0  em wal l thickness  and 

i s  connected to a 1 00 channe l ana lyzer.  The samp les are counted for about 

1 000 minutes . Mercury concentrat ions are determined in the usual manner by 

comparin� sample  and standard count rates . The number of pul ses  registered 

by the detector can be determined in two w3ys : 

a .  By measurement of the area under the 68 keY or 279 keY photopeaks 

depending whether the count ing is done early  or l at e  after the end of the 

i rradiation .  The mercury determinat i on based on the area under the Hg l 97 

photopeak i s  about 30 t imes as sensi t ive than that based on the area under 

the Hg2 0 3 photopeak , provided the samp l e  count ing is done not l ater than 

15  days after i rrad iation . 

The Compton contribution to the photopeak i s  determined by extrapo l at ing 

that port ion of the spectrum which corresponds to energies hi gher than the 

photopeak by a hori zontal  l ine . The area under the photopeak then i s  

measured ei ther graphica l l y  b y  summing the pul ses accumulated in each channel 

under the peak and subtract ing the Compton cont ribution . 

- 3  In  a samp le containing 1 x 1 0  �g of mercury , the re lat ive s tandard 

deviation in the measurement of the Hg2 0 3 act ivi ty in 0 , 85 percent under 

above irradiat ion condit ions . However , by decreas ing the stat ist ical  require-

ment s  it  is possible  to measure mercury concentrat ions of the order of 

2 x 1 0- � 
� g .  whi ch appears to be the l imit  of thi s method . 

b ,  Ry measurement of the amp l itude of  the photopeak . I n  order to carry 

out a precise  measurement , the stab i l ity of the associated e l ectronics must 

be extreme ly high .  By this method , only  the number o f  counts accumulated in 

the central channel under the peak , correspond ing to an energy band of  3 keY, 

is  uti l i zed . Al though thi s method i s  very fast , it  should  be used with great 

caution , 

PROCEDURE 6 .  

Det erminat ion of �fercury Di ffusion in Quart z 

Source : G .  Le l iaert , Pure and App l . Chem . !• 1 2 1  ( 1 960) ,  
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I rradiation and Separat ion 

Two quartz samp l es and a mercury standard are irradiated s imul taneous ly  

for 7 days at  a neutron fl ux o f  5 x 10 1 1  neutrons cm- 2 
sec- 1 

The quart z tubes wi th unknown mercury content are coated on the out side  

with  paraffin , so that on ly  the  inside  can be disso l ved away . 

The samp l es are success ive ly weighed , treated with 38 percent hydro-

fluoric acid containing one drop of concentrated nitric acid an<l washed 

twice with dist i l led water . Thi s  series of operat ions is repeated several 

t imes . 

The hydrofluoric acid and washing solutions are combined in polythene 

cent ri fuge tubes . To each of these  mercury-containing sol utions 2 m l  of 

mercuric nitrate solution ( 0 . 9 mg Hg/ml )  i s  added as a mercury carrier .  The 

solutions are mixed homogeneous ly and further acid i fied with nitric acid 

(d = 1 . 40) in order to minimi ze co-precipitation of copper , ant imony and 

arsenic sul fides . 

The mercury is  precipitated as sul fide , the supernatant so l ution i s  

decanted after centri fugat ion . The mercuric  sul fide res idue is washed twic e  

with a d i l ute solut ion of hydrofluori c  ( 1�) and nitric ( 0 . 1�) acids and once 

with dist i l l ed water . Fi l tration is fina l ly done on Sch leicher and Schul l 

No . 589 fi l ter paper or on porce l ain fi l tering di scs . The standard i s  

treated in  the same way . 

Activity Measurements  

The low gamma and beta  energy of the  mercury isotopes formed permit 

easy purity control . Measurements have been done by means of the mul ti­

channel  RCL 256 gamma-ray spectrometer.  As  a resul t onl y  Sb l 2 2  s eemed to 

be a source of interference , parti cularly when measuring gamma radiation 

above 200 keV. The disintegration rat io of Sb 1 2 2  and Hg2 0 3 has been 

derived from the surface ratio of  the respective photo peaks and amounts 

to 1 9  percent in  the worst cases--two days after the end of  i rradiation . 
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Fro. this state.ent i t  see.s that further puri fication of the isolated 

aercuric sul fide i s  necessary . However, in gamma-ray measurements between 

the l imits o f 60 and 85 keY interference by Sb l 2 2  is neg l i gibl e , Under 

these aeas uring conditions no further puri ficat i on is needed . 

PROCEDURE 7 ,  

Determination o f  Mercury in LiOH and Li2 Co3 b y  Act ivat ion Analysis 

Source :  I.J. N ,  Cro f ford and T ,  A,  Kovacina , TID-7606 ( 19h0) . p.  248 , 

Int roduc tion 

Interest in gas puri ficat ion ut i l i z ing LiOH as a C02 absorben t  p romp ted 

the use o f  the neu t ron act iva t ion me thod as a highly sen s i t ive analytical 

approach to the problem of determinin� the amount and fat e o f  trace q uan t i t ies 

of me rc ury bel ieved to  be present in lithium compounds ei the r naturally or 

art i ficially , Favorahle cross sect ions for the reac t ions H� l 9 6 (n , y) Hg l 9 7 

and Hg2 0 2  (n , y) Hg
2 0 3 

insured the h igh sens i t ivity of about 0 , 1 �g Hg requ ired , 

The comparator method was used ; that is , a samp le of LiOH and Li 2co 3 

containing unknown t races of llg along wi th comparators con taining known amount s  

o f  H g  were i rradiated i n  t h e  Naval Re search Laboratory ' s Swimmin� Pool Reactor 

(NRR) , After rad iochemical separat ion and puri ficat ion , t he 
·
gamma act iv i t ies 

of the known and unknown weights o f  Hg were compared , 

Irradiation 

Samples of LiOll and Li 2C0 3 to be ir rad iated , ranging f rom 300 to 400 m� 

in wei ght , were sealed in size  number 1 gelat in capsules and individually 

wrapped in 1/4-mil Hylar f i lm,  Two comp;na torR of  S O  and 100 �& of Hg, as 

Hg (N0 3 ) 2 in water , were aliquoted ont o  a Hylar  f i lm and dried und er a heat 

lamp . The comparators were also sealed in ge l at in capsul es and wrapped in 

Mylar.  The Mylar wrapping was necessary as the gelatin becomes very brit t l e  

after eight hours o r  more of irrad iat ion i n  the reactor .  

1 19 

Radiochemistry of Mercury

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18572


The above samp l es were irradi ated in the NRR for eight hours at a fl ux 

of 10 1 2 n/cm2/sec for a total nvt of 2 . 9  x 1 04 • 

Radiochemical Separations 

The radiochemical puri ficat ion of the rad ioactive J ig was a modi fication 

of the periodate precipitat ion method . 2 0 5  The samp l es of LiOH and Li 2C0 3 , 

along with the comparators , were disso lved in water and neutra l i zed drop­

wise with concentrated HN0 3 • An excess of  1 - 1 / 2  ml of concentrated nitric 

ac id was added and the solut i on was d i l uted to 150 ml with water . Hold­

backs of  Cu(N0 3 h , NaN0 3 , H 3P04 and 112504 were added and the so lut ion was 

heated to the boi l ing point to fac i l itate exchange . Two grams of potassium 

periodate dissolved in  SO m l  of  water were s l owly  added to the boi l inR 

solution and the precipitate of Hg 5 ( I 06 ) 2 was a l l owed to digest for 1 /2  to 

1 hours , after which time it  was fi l tered through a medium, s intered-glass 

crucible  and washed with warm water.  The precipitate was disso lved off the 

fi lter with hot , concentrated HN0 3 , d i luted with 0 . 1� HN03 , and the above 

radiochemical puri ficat ion procedure was twice repeated . After the final 

prec ipitation and wash wi th hot water , the Hg5 ( I05 ) 2 precipitate was dried 

for an hour at 1 00 °C .  The l lg 5 ( I 06h was weighed in  a ge l atin  capsule  and 

counted gamma wise . A yield  of between 40 and 70\ was obtained . 

Count ing was bep,un on the purifi ed samp l es 1 7  hours after removal  from 

the reactor. A we l l - type scint i l l ation counter with  a 2 x 2 inch Nal (Tl ) 

crystal  was used for gamma counting as wel l as for determininP. the y-spectrua 

with a s ing l e  channel ana lyzer.  Purity of the radioactive Hg was veri fied 

by the y- spectrum and analysis  of the y-decay curves . 

An anal ysis  of the decay curves and the spectra , even 1 7  hours after 

removal from the reactor , did not show that any 24-hour Hg l 9 ? was present . 

The 65-hour i sotope was abundant for about s even days , a fter which time 

48-day l lg2 0 3 began to appear . 
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PROCEDURE 8 .  

Separation of  Radioactive Mercury I sotopes From Gold Targets 

Source :  G. Friedl ander and C. s. Wu, Phys . Rev . 63 , 228 

The neutron-bombarded go ld targets  were dissolved in  aqua regia ,  

a few mi l l igrams each of mercuric ch loride and p latinic chloride were 

added , and the solut ion was evaporated to about o . s  cc . The res idue was 

taken up in water , and go ld and mercury were then extracted with ethyl 

acetate by the procedure of Noyes and Bray . l 7 The separation of gold and 

mercury was then carried out according to Noyes and Bray . The mercury 

was fina l ly precipitated in the form of the compound HgO • HgiNH2 •  

The pertinent steps o f  the Noyes-Bray procedure are presented in  

Appendix I .  

APPENDI X  I .  

ANALYSIS OF Ti lE GO LD GROUP 

Sol ution of Hg , Au , I r l , Pd , and Rh l as chlorides . 

1 .  Shake with ethyl acetate 

Ester l ayer : HgC1 2 , AuC 1 3 

2 .  Shake with 3 !! NII .. Cl  

Ester layer AuC 1 3 

3. Evaporate ,  ign i t e ,  
dissolve in HC!'-HN03 1 
add NaOI I and K I . 

I 

Red or purp le  precipi­
tat e :  Au 

\'later layer : (NH")  2HgC l "  

4 . Add NaOII and K I  

Orange precipitate : 
l lgO • Hg iNH2 

\'later layer : 

Some or a l l  of  the e l ement may be found here when it is  associated with 
certain other elements .  

Separati on of 1\lercury from Gold 

A s l i ght ly  acidic  (<2 !! I!C l ) solution of Hg , Au , and the p latinum 

metals  i s  extracted twice with an equal vo l ume of ethy l acetate . The 
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organi c  extracts , containing gold and mercury , are not combined but are 

shaken with an equal volume o f  3 � NH�C l  success ively (the one more d i l ute  

in  mercury first ) ,  since thereby , in accordance with the distribution l aw ,  

the mercury passes into the aqueous l ayer more comp l etely .  In  this step 

the mercury is  removed a lmos t comp l etely  (98-99 percent) owing to the 

format ion of  the HgC l �
- - anionic comp lex;  not more than 2 percent of the 

go ld  is  removed in  step 2 from the ethy l acetate . 

The combined NH�Cl  solut ions from step 2 are washed with 1 0  ml of 

fresh ethy l acetate , to which 3 drops o f  6 N HCl  had been added . The 

aqueous solut ion now contains mercury only and i s  ready for speci fic test-

ing  with  NaOII and KI . 

NH� Cl i s  used rather than HCl in  the extract ion for the reasons that 

the aqueous solut ion is then ready for the precipitation of  mercury in Step 4 

and that ethy l acetate i s  much less  so l ub l e  in a solution of  Nli�Cl than in 

1-!Cl .  

PROCEDURE 9 .  

Separat ion of  Neutron De ficient l>lercury and Gol d  I sotopes from B ismuth 
Targets by Solvent Extraction 

Source : E. T. Hunter and J. M .  Mi l l er ,  Phys . Rev . 1 1 5 ,  1053  ( 1 959) . 

The target material  i s  dissolved in concentrated nitric  acid . Mercury 

and gol d  are extracted together into ethyl acetate from the original nitric 

acid so lution , to which i s  added a trace of ch loride . Mercury is  removed 

from the organic  layer wi th 3� HCl , p recipi tated as HgS , and counted . The 

remainder of the organic l ayer is  evaporated , the gold  i s  taken up with 

aqua regia ,  then ca�eful ly  reduced with hydrazine hydrate and counted as 

the metal . 

PROCEDURE 1 0 .  

Radiochemical Mercury Separation from Go ld  Tarr.ets  

Source :  w .  W .  �leinke , Chemical Procedures Used in Bombardment l�ork 
at Berke l ey ,  AECU- 27 38 , p .  2 31 , ( 1 949) . 
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Element separated : Mercury Procedure by : R. W. Fink 

Target material : Go ld Time for Sep ' n :  7 0  min . 

Type of bbdt : 60 MeV protons Equipment required : Standard 

Yield : Near 80-90 percent 

Dep,ree of pur i ficat i on : Excel lent - factor of 1 00 from act ivities present . 

Procedure : 

1 .  The gold target i s  dissolved by heat ing in 4 mi l l i l i ters hot , 

concentrated aqua regia . Pt and l lg carrier ( SO 111,)  are added . 

Five or more extract ions with i soamyl acetate us in� 3 mi l l i l i ters 

each portion are made . The gol d  wi l l  be found in the organic  

l ayer . 

2 .  The aqueous layer is  boi led t o  near dryness  with concentrated HC l 

to expe l HN03 , and excess SnC l 2 added to prec ipitate . Ug2Cl 2 , 

whi ch is  then washed unt i l  free from red Pt++  co lor .  

3 , Th e  Hg2Cl 2 precipi tate i s  then redissolved in  2 mi l l i l iters o f  

d i l ute aqua reg i a ,  and used a s  the mercury fract ion . 

Remarks : 

a .  The isoamy l acetate extraction of  gold from mercury is  quantitative 

in presence of O . lN  or more chloride . Thi s  i s  the method used to 

mi l k  go ld daughters from the mercury fract ion . 

PROCEDURE 1 1 .  

Radiochemical ��rcury Separation from P l at inum Targets 

Source :  W ,  W .  ��inke , Chemical Procedures Used in Bombardment Work 
at Berkel ey ,  AECD- 27 38 , p .  230 ,  ( 1 949) , 

Element separated : Mercury 

Target material : P l at inum 

Type of bbdt : 65 MeV n-part icles  

for 3 hours 

Proc edure by : R, W. Fink and 

U .  G. Karraker 

Time for sep ' n :  60 minutes 

Equipment required : Standard 
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Yie ld : • 7 0 percent 

Degree of puri ficat ion : Excel l ent • factor of at least 1 00 from act ivi t ies 
present . 

Procedure : 

1 .  Pt tar£et disso lved in 4 mi l l i l i ters of  aqua regia in a porcel ain 

crucib l e .  S O  Il l!  A u  and l lg  carriers added . Th e  sol ut ion i s  evaporated 

to expe 1 I IN0 3 . 

2 .  Extracted 5 times with 1 /5 vo lume o f  i soamy l acetate i n  presence 

of at least O . lN HC l .  The i soamy l acetate l ayer contains gold 

free from mercury . 

3 .  The aqueous layer has excess  SnCl 2 added to ppt Hg2 Cl 2 • The Pt i s  

reduced t o  a beaut i ful red Pt
++  

co lor.  The precipitate i s  washed 

unti l  free of th is  color.  

4 .  The precipitate i s  d isso l ved in d i l ute aqua regia  and ��ed as the 

mercury fraction . 

Remarks : 

a .  Recyc l ing wi l l  improve purity , a l though this  method has been shown 

to give excel l ent radiochemical purity . 

PROCEDURE 1 2 .  

Radiochemical Separat ion o f  Mercury 

Source :  w .  w .  Meinke , Chemical Procedures Used in Bombardment Work at 
Berkel ey ,  AECD- 27 38 ,  p .  233 , ( 1 949) . 

El ement separated : Mercury 

Target material : Au 

Type of bbdt : Neutron capture 
in pi le  

Yie ld : ? probab ly  60-80 percent 

Degree of puri fi cation : 95-98 percent 

Procedure by : Prohaska 

Time for sep ' n :  Two or more days 

Equipment required : Separatory funnel s ,  
+ ordinary beakers , flask , etc . 

Advantages : Wi l l  separate 5- 10  mg of Hg from 1 00 g of Au . 
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Procedure : 

1 .  Disso lve samp l e ( as sume 1 00 �s of Au) in 2SO ml  hot cone . HCl and 
lilinim\111 HN0 3 w1der (air cooled)  re flux condenser.  

2.  !\'hen samp le  col!lp letely dissolved . d i l ute  to SOO ml  (approx . 6 � H+) .  
Extract with four success ive 200 ml port ions of ether . 

3 .  Add �aOH to H20 portion unt i l  pH ; 1 .  Add 1 1 2S and precipi tate 
Au2S 3 + l lgS . Centri fuge .  

4 .  Di ssolve I IRS + Au2S 3 in  (minimum) 6N  HCl  + drops of concentrated 
t mo 3 • volume of solution should  be Tes s  than 100 ml  at this  point . 

S .  Extract with successive SO ml  portions o f  ether unt i l  no ye l l ow 
co lor of AuC 14 can be observed in H20 portion . 

6 .  Extract with 2 addit ional  S O  ml  portions of  ether . 

7 .  Ap,ain reduce pH to ; 1 with NaOI I  and ppt HgS with H2S .  

8 .  Repeat the solution and extraction procedure .  

Remarks :  

I n  the three ether extractions . an est imated 20- 30 percent of the llgC 1 2 

would be extracted along with AuC1 3 • Working up these extracts for Hg would 

probab ly  increase total yield  of Hg separated . 

I t  appears doubtful that purity of  Hg reported would be increased by 

further solution and extraction . 

PROCEDURE 1 3 . 

Preparation o f  Hg l 9 7m2 and Hg l 9 7  in  High Spec i fic Acti vity 

Source :  Case e t  a l  • • ORNL Radioi sotopes Procedures Manua l . Oak Ridge 
Nat ional Laboratory Report . ORNL- 3633  ( 1 964) . 

Product ion method : 

Cross section :  Hg l 9 7m2 .  400 barns 

llg 1 9 7 • 900 barns 

Target : HgO 
Target weight : 1 g 

Neutron flux : 1 x 1 0 1 3 neutrons 

1 25 

llal f- 1 i fe :  Hg l 97m2 24 hour 

Hg l 9 7  6S hour 

Radiat ions : 

I sotope Beta Gamma 

Hg l 9 7m2 None 0 . 1 33 ( 97\)  

0 . 164 ( 979.;) 

0 . 1 9 1 ( 3\) 

0 . 27S ( 3%)  

Other 

EC (3\)  

IT (97\)  
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I rradiat ion t ime : 3 days 

Reactor yield : 1 . 6  curies  

Processing yield : 80\ 

Radiochemical purity : 

1 .  Prepare equipment 

98\ (exc l us ive 
o f  Au1 9 ?m daugh­
ter Hg2 0 3 , and 
Hg l § ?a2) 

2 .  Open irradiation can and trans­
fer target material into beaker 
under hot off-gas scrubber 
assemb l y .  

3 . Add a minimum amount of  1 6M 
HN0 3 and heat the so lution 
unt i l  target is dissolved . 

4 .  Adj ust  vol ume to SO ml  with 
d i st i l led H20 and trans fer to 
product bot t l e .  

S .  Sampl·e and analyze for :  
Molarity o f  HN03 
Total sol ids 
Hgl 9 7 concentrati on 
Radiochemical purity 

G LASS F U N N E L  

1 50 - m t  BEAKER 

Hg l 9 7 None 0 . 077  EC 

0 . 191  

Process ing faci l i ty and shielding 
requi red : manipulator cel l ,  3 i n .  
lead equival ent 

Hot off-gas scrubber unit ( Figure 46 ) 
1 50 ml Pyrex beaker 

100 ml  product bot t le 

Overheating may result in a l oss  o f  
mercury . 

Product so l ut ion should be c lear and 
water-white .  

Nitri c  acid concentrat ion should b e  
> 1M since hydrolys i s  might occur a t  
l ower values . 

Refer to ORNL Master Analytical Manual 
{TID-7015 )  procedure nos . 9 0732005 , 
9 0731000 , 9 0732009, 9 07 33000 , 
9 07330 1 , and 9 07330 2 .  

600-ml SUCT!ON FLASK 
HOT PLAT�E-=:c::====�:L_LA-�:_:-!_F�Ri�T�TEO GLASS 

Figure 46. Hot Off-Gas Scrubber Unit .  
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PROCEDlltE 14 . 

Preparation of Hg2 0 3 in High Specific Activity 

Source : Case et al . ,  ORNL Rad ioisotopes Procedures Manual , Oak Ridge 
National  Laboratory Report ORNL- 3633 ( 1 964) . 

Production method : Hg20 2 (n , y) Hg 

Cross section : 3. 0 barns 

Target :  HgO 

Target weight : 1 0  g 

Neutron flux : 2 x 1 0 1 4  neutrons 
ca-2 sec- 1 

Irradiation t i•e : S months 

Reactor yie ld : 1 00 curi es 

Proces s ing yield :  80 percent 

Rad iochemical purity : 98 percent 

1 .  Prepare equipment 

2 .  Open irradiat ion can and trans ­

fer target material into beaker 
under a hot off- gas scrubber 
assemb l y .  

3 .  Add t h e  minimum amount of 16M 
1m03 neces sary to dissolve tne 
target .  

4 .  Adj �t vo lume to SO ml o f  S to 
6M HN03 necessary to dissolve 
product bott l e .  

s .  Remove Tt 2 0 4 contaminant i f  
present . 
a .  Evaporate Hg2 0 3 solut ion to  

near dryness under hot off­
gas scrubber assemb l y .  

b .  Adj ust volume t o  1 00 ml of  
disti l l ed 1120 . 

c .  Add hydrazine hydrate drop­
wise unt i l  pH o f  - to is  
attained . 

d .  A l low - 1  hour for finely 
divided e l emental  mercury to  
depos i t  on bottom of beaker . 

1 27 

Hal f- l ife :  4 5 . 4  days 

Radiations : 

Beta Gamma 

0. 208 0 . 279 

Processing fac i l i ty and shie lding 
required : manipulator cel l ,  3 i n .  
l ead equiva lent 

Hot off- gas scrubber unit ( Figure 46 J 
1 00 m l  product bot t l e  
Three 1 5 0  ml  Pyrex beakers 

Low heat wi l l  increas e rate of dissolut ion .  

Solut ion shou ld b e  c l ear and water-white . 

Concent rat ion of Tt 2 0 4 is determined by 
radiochemical ana lys i s .  
Th i s  removes IIN0 3 • Overheat ing may resul t 
in loss of mercury . 

Low heat wi l l  faci l i tate d i s so l ut ion of 
Hg (N0 3) 2 . 
Avoid vio l ent react ion between HN0 3 and 
hydraz ine by s t i rring constant l y  and adding 
hydrazine very s lowl y .  Th i s  step reduces 
mercury to the e l ement . 
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e .  Decant solut ion from e l emen­
tal mercury and wash twice 
with SO ml  portions of dis ­
t i l l ed 11 20 .  

f .  Evaporate unt i l  mercury 
forms a sing l e  drop . but do 
not al low beaker to become 
dry . 

g .  Trans fer e l ementa l  mercury 
to a c l ean beaker and 
d i s so lve in SO ml of S to 
6M HN0 3 under hot off-gas 
scrubber as semb l y .  

h .  Adj us t  acidity of  HN03 t o  
> 1M .  Trans fer product 
so lution to product bot t l e .  

6 .  Resamp le for detercining Tl 2 0 4 
concentration .  

7 .  Sample  and ana lyze for 
Mol ari ty of I IN03 
Total so l ids 
Hg2 0 3 concentration 
Radiochemi cal  puri ty 

Al low sufficient time for fine ly di vided 
mercury to deposit  on bottom of beaker a fter 
each H20 wash .  

Overheat ing wi l l  resul t in loss  o f  mercury . 

Product so lution should be c l ear and water­
wh ite .  

Refer to ORNL Master Analytical  ��nual 
(TID-701S ) . procedure no.  9 073349 1 .  

PROCEDURE l S .  

Ion Exchange Separation o f  Zinc . Cadmium .  and Mercury i n  Aqueous and 
Partial  Non-Aqueous �ledia 

Source : E .  W .  Berg and J. T .  Troemper . Anal . Chern . 30 . 1 827 ( 19S8) . 

Zinc . cadmium and mercury can be separated as their  anionic chloro 

comp lexes by ion exchange both in aqueous and in part ial  non-aqueous media .  

Dowex- 1 resin i s  treated i n  a batch proces s with o . s  � hydrochloric acid 

to convert it to the chloride form and tran s ferred as a s l urry to a g lass 

co lumn of about 1 .  2 em inside diameter . TI1e resin  bed i s  t hen washed with 

more O . S � hydroch loric acid to ensure compl ete conversion to the chloride 

form .  and to remove any iron impurity present in the commercial  product . 

I t  is necessary to use a d i l ute  so lution of  hydroch loric ac id . because 

solut ions of approximate l y  � 2 � produce an anionic  ch loro comp l ex of iron 

whi ch is absorbed by the resin . After treatment with the acid . the co lumn 

is  washed wi th water and then with lSO  to 200 ml of the sampl e  solvent . 
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A mixture of the metal  ions  prepared from standard solutions is  

adj ust ed to SO ml  with  the appropriate so lvent , and added to the column . 

The e l uant can be ei ther 0 . 0 1  � I IC l , 0 . 01 � HC l + 1 0  percent by vol ume 

methanol mixture , or 0 . 0 1 M HCl + 25 percent by volume methanol mixture . 

The corresponding resin bed lengths are 2 R  inches , 1 8  inches and 6 inches . 

An additional 1 0  ml of the sol vent is used to complete the transfer of the 

sample  to the resin  bed . The total sample vo l ume is  60 m l . The sample  is 

then e l uted from the co lumn with the appropriate solvent at a flow rate of  

1 . 5  to 2 . 0  ml per minut e .  

T h  1 i i i 
++ 

Cd
++ 

d Ha
++ 

b f f  e so u t  o n  conta n ng Z n  , , a n  � is u ered with an 

am.onium chloride-ammonium hyd roxide buffer to a pH sligh t ly over 10 and 

titrated with a s tandard solut ion of versene . A chelat ing dye , Eriochrome 

Black T ,  is used as end-point ind icator .  

Mercury is determined by precipitating and weighing HgS . This  me thod 

was chosen because mercury is eluted with 0 . 1 � thiourea - 0 . 01 � hydrochloric 

acid mixt ure from which HgS can convenient ly be precipitated . The solution 

is heated to about 90 °C for 30 minutes to form su l f i de ions by hyd rolysis 

of th iourea.  After add i t ion o f  an excess of  concent rated ammonium hydroxide 

precipitation occurs . The HgS forms large aggregates and is  easi ly f i l tered . 

The add i t ion o f  dilute ammonium hyd roxide results in a colloidal precip itate  

whi ch is  d i f ficult to f i lt e r .  

The i o n  exchanger can be read ied for reuse in one s tep by washing the 

res in bed f ree of  th iourea with the e lut ing agent for z inc and cadmium . 

PROCEDURE 1 6 .  

Separation of Tin , Mercury , Zinc , and Si l ver in NaK Al loy b y  Ion Exchange 

Source : A. A. Smal es , Proceedings of  the Internat ional Conference on the 
Peace ful  Uses of  Atomic Energy , Vo l .  9, p. 273 ( 1 955) . 

One gram of  al loy i s  dissolved i n  35 ml methano l .  Water is  added and 

the so lution t itrated with standard ac id to find accurate l y  the amount of 
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a l loy t aken . The cal cu l at ed quant ity of concentrated hyd rochloric  acid , 1 0  mg 

each of sn
••

, l lg
+ +

, and Zn
++ 

as ch l orides ,  and , with st irring , 1 0  mg Ag as 

nitrate are added and the solut ion i s  trans ferred to a 250 ml flask and made 

up to the mark with water . The c l ear so lut ion shou l d  be exac t l y  2 M in  

hydrochloric ac id . 

25 m l  are pi petted onto a 1 50 mm x 7 mm di ameter co lumn of 70- 1 00 mesh 

Amberl ite I RA-400 which has been washed with 2 M I IC l  and i s  a l l owed to feed 

under its  own head . The co l umn is then e luted w i th 37 ml 2 � HC l ,  85 ml  

2 �� HN0 3 and 1 7  m l  7 . 5  � l\'1140il succe s s i ve l y  at an average fl ow rate  of 

0 . 44 m l/minute . The HCl fraction i s  col l ected for feed ing to the second 

co lumn , the fi rs t 25  ml  of the llN0 3 fract ion contains  the t in and z inc and 

the remainder (60 m l )  contains the mercury . The Nlf 401 1 fract ion contains 

the s i lver . 

P ROCEDURE 1 7 .  

Po lonium ,  Thal l i um ,  and Mercury I on Exchange Separa t i on from Neutron 
I rrad iat ed Meteori tes 

Sourc e :  w .  D .  Ehmann and J .  R .  Hui zenga , Geochim . and Cosmoch im . Ac t a _!!, 
1 25 ( 1 959) . 

So l ut i on and General Ion Exchange Separat ion 

The irradiated meteori te powder i s  trans ferred to a smal l p l atinum 

d i s c  cont aining 5 ml of concent rated 11 2 S04 , a Po2 0 8  spi ke ,  and mercury 

and thal l ium c arri ers . The s l urry i s  warmed under a heat lamp with occas iona l 

st i rring for about 1 5  to 20 mi nutes . Concentrated llF i s  then added drop -

w i s e  w i t h  s t i rring unt i l  e ffervescenc e cease s .  Fina l ly ,  an ad d i tional  1 0  m l  

of  !I F is  added and the mixture i s  gent ly heated under a heat l amp a t  a 

d istance of at least 20 inches unt i l  the res idue i s  reduced to a pas t e .  

Care mus t be t aken to prevent t h e  mi xture from p,oing t o  drynes s  at any 

t ime . Add i t iona l HF i s  added ,  and the evaporat ion repeated . 

Concent rat ed HN0 3 ( 5  m l )  i s  added to the resu lt i ng pas t e ,  and the 

s l urry is t rans ferred to a g l ass  beaker . A sma l l amount o f  concentrated 
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HCl i s  added , and after any evidence for react ion ceases , the solution is made 

up to SO ml with 9 M HCl . Usual ly  the solution at this point is c l ear. In 

some cases , however,  a very smal l b l ack depos it  sett l es out on standin g .  

Where this  i s  observed , the residue should b e  treated with  aqua regia ,  

di l uted to  9 M HC l  and again added to  the  main port ion . 

The solut ion then is  p laced on an anion exchanp,e column containin� 

Dowex- 1 , X- 1 0 ,  100- 200 mesh . The res in bed is  about 1 / 2  inch in diameter and 

5 inches long . After int roduction of the samp le , the co lumn is washed 

successively with 75  ml of  9 � HCl , 75 111 1 of o . s  � I IC l , and 25 111 1 of 

dist i l l ed H 20 .  Thi s  treatment e lutes the �ross amount of act i vi ty from 

the col � ,  which may now be t reated in a 1 low- l eve l 1 laboratory (co h.nn 

was <<5 mr/hr at 2 inches ) .  

The po lonium i s  e l uted from the co lumn with  75  ml  of 1 � H2 S04 , thal l i um 

is  removed from the co lumn with  75 m l of 1 � H 2S04 freshly  satura t ed w i th so 2 • 

Mercury Che111i s try 

�lercury i s  e luted from the co lumn with 75 m l  o f 4 � I IN0 3 •  The e l uant 

is neutra l i zed to pH 6 . 5 wi th s o l i d  NaOI I and J igS prec ip it a ted by add i ti o n  

of H2 S  gas . The HgS is  separat ed by centri fugat ion , washed w i th H 2 0  and 

disso lved in a few drops of aq ua reg i a . I r i d i um  carrier i s  added ,  and the 

so lut i on evaporated with low heat t o  near d rynes s to remove exces s I IN0 3  

after addi t ion of  5 ml  of  concentrated HCl . 

The smal l vo lume o f  solut ion is d i luted to 1 0  m l  w i t h  H 2 0 ,  and mercury 

is prec ipi tated by the addit ion of severa l drops of fre s h l y  prepared SnC 1 2 

solut i on . The mercury prec i p i t ate i s  s eparated by centr i fugat i on , washed 

wi th H20 , d i s solved i n  aqua reg i a ,  and aga in prec ip i t ated as above us in� 

iridium carrier and SnC 1 2 • 

The fina l mercury preci p itat e i s  aga i n  s eparat ed and w<t s hecl and d i s so l ved 

in several drops of aqua reg i a . The resu l t in� s o l ut ion is d i l ut ed to 10 m l  

with H 20 , brought to pH 7 w i th NaOH , and H �S pr ec i p i t at ed w i t h  H 2S �as . 
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The JigS i s fi l t ered on wei ghed pape r ,  washed wit h 1 1 20 and ethy l a l c oho l , 

dried at 1 1 0  °C , we i g hed and moun t ed for count i n � . Chemi ca l y i e l d s  genera l ly 

range from SO to 80 percent . 

PROCEDURE 1 8 .  

The Abundance o f  Mercury in He teorites and Rocks b y  Neut ron Act ivat ion 
Analysis 

Source : w .  D .  Ehmann and J .  F .  Lovering , Geochim. et  Cosmochim. Acta ]1, 
3 5 7  ( 1 9 6 7 ) .  

Sample Preparat ion 

Mercury is a common con taminant  in chemical laboratories . This , 

compounded by i t s  high vapor pressure at room temperature , makes the pre-

irradiation h is tory and t rea tment of  the samp l e  to be analyzed of critical 

impo rtance . In the case of many meteorites analyzed in this work , the 

specimens we re originally in museum collect ions and the details o f  the condi-

t ions of s t o rage over the years are not available . Carbonaceous chondrite s , 

in particular , could act as s cavengers for mercury , due to the i r  conten t  

o f  free s ulphur.  

Certain ly specimens s tored or powdered in the environment o f  a typical 

chemical laboratory , or disp layed in cases containing assor t ed terres t rial 

minerals , may have picked up me rcury con t aminat ion .  In t h e  case of  t h e  more 

f riable specimens this  cont aminat ion may have pene t rated into the interior 

o f  even rathe r large specimens . 

While the extent of this prob lem is fully recognized , i t  is s t i l l  felt 

that useful data on mercury abundances can be obtained by analyzing suf f i-

cient s amp les from the various classes o f  mate rials and using all  poss ible 

care in the p reparat ion o f  the sample once it is in the inves t igator ' s hand s .  

I n  vi rt ually a l l  cases the specimen to  b e  analyzed was first  f racture d  in a 

s teel mortar and interior fragment s  selected.  These fragment s  were f inely 

powdered in an agate mortar in an o f f ice area away fro� chemical laboratory 
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operat ions . The powdered samp les were s tored in clean sealed vials or  

bott les p rior to  we ighing into quartz  i rradiat ion vials . 

The powdered specimens of 0 . 1-0. 5 g were int roduced into weigned quartz 

vials which had been boiled •n aqua regia , rinsed in dist illed water and 

acetone , and dried at 1 10 °C.  Prior to this work there was no his tory o f  

me rcury or mercury s a l t s  be ing used in the areas of samp le prepa ration. 

The vials were then oven d ried for several hours at 65 °C prior to sealin g .  

Weight losses were generally l e s s  than 1 percent . The quartz vials we re 

quickly sealed with a hydrogen torch . Initial ly , during the sealing 

opera t ion ,  the end of the vial contain ing the sample was coo led wi th  water.  

With experience , the  sealing operat ion became so  rap id that water  coo l ing 

was not required . 

Flux Monitors and Carriers 

Carrier solut ions for me rcury were in mos t  cases prepared immediately 

prior to use and in any case not s tored for extended periods . These 

solutions we re p repared by d issolving t riple distilled me rcury in 1 : 1  nitric 

acid and d i lut ing wi th dis t i l led water into volume t ric glassware . 

Flux monitor solutions were prepared by dilution o f  a freshly prepared 

carrier solut ion .  The f lux monitor solut ions were i n  all cases used wi th in 

an hour of their preparation to avoid prob lems associated with the stab i l ity 

of very dilute solutions . The densi ty o f  the f l ux moni tor solut ion was 

dete rmined and an aliquot int roduced into a weighed quart z vial contain ing 

approximat e ly 50 mg of S p e c  p ure S i 0 2  ( J ohnson-: ta t t hey , London , Cnt . r�o .  J . : 1 .  

4 2 5 ,  Lab .  Con t ro l  1\o . 2 3403 ) .  The w e i g h t  o f  t h e  f l ux mon i t or solut i on 

added was immed i a t e l v  d e t e rm ine d and t he nmoun t o f  l"'e rcu ry added ( u s ua l l y  

10-20 u �  f o r  me teo � i t e ann l v s e s  and 5 - 1 0  u R  for rock ana lyses ) t hereby 
derived . The f i lled f l ux mon i t o r  v i a l s  we r e  o v e n  d r i ed at 6 5  °C f o r  t h r e e  

d a y s  and sea led l i ke t h e  samp le v i a l s . 

Two flux mon i t o r  v i a l s  '�e re packa�ed wi t h f ive or s ix samp l e vials in 
each i rrad ia t i on can . The av e rar,e s p e c i f i c  ac t iv i t v  of the me r c u r y  in t he 

t\JO f l ux mon i t o r s  was u s ed f o r  the calculnt ion of t he abundanc e of me r c u rv 
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in the samp les . The very small deviat ions o f  the two f lux monitor speci f ic 

activit ies  from their mean ( average a t 2 . 7  percent ) ,  even where the amo un t s  

of  mercury varied b y  more than a factor of  two , sugges ted that se l f-shielding , 

contamination ,  and preparat ive errors were negl i gible . 

I t  should be noted that  the  Specpure Si02 used in the preparat ion o f  t he 

f lux mon i t ors was also analyz ed in dup l icate and found to contain less than 

0 . 06 ppn me rcury . Hence , t he mercury in the 50 mg of Si02 used in the flux 

monito r  vials was negligible  compared to t he amount added via the flux 

monitor so lution . 
Ir radia tion 

Samp le and flux monitor  vials were irradia ted together in the Australian 

Atomi c  Energy Commission HIFAR reacto r  in a f l ux of approximate ly 6 x 101 2 

n/ cm2 -sec . Irradiat ion t imes varied f rom 5 days to  2 weeks depend ing on t he 

expected leve ls  of  me rc ury abundance . Chemical separat ions we re generally 

s tarted 36-43 hours after  removal f rom the reactor and t he samples were ready 

for count ing in an add i t ional 2- J days . 

Self-shielding prob lems were shown to be negligible by the concordant 

results obtained in meteorite samples varying by nearly a factor of two 

weigh t  and flux monitors varying more than a factor of two in mercury 

content . 

Radiochemical Techniques 

Consideration of the possib le important radiochemical contaminants 

resulted in addit ion o f  hold-back carriers for chromium ( 2 7 . 8 day cr S l ) , 

gold ( 2 . 7  day Au l 9 8) , iridium ( 7 4  day Ir 1 9 2 ) , and a scavenging s'tep for 

s i lver ( 2 5 3  day Ag l l O) .  

Whi le several s teps in the procedures contribute to the elimination 

of these impurities chromium appears to be largely eliminated in the 0 . 01 � 
HCl anion exchange elution , iridium in the Hg2c12 precipitat ion , gold in 

the ethyl acetate solvent extraction , and silver in the AgCl precipitation . 

The bulk activi ty of the irradiated sample is removed in the anion exchange 

step .  In 0 . 5 � HCl maj or contaminants s uch as iron , cobalt ,  nicke l ,  alkali 
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metals , and alkaline earths are not held on the column . Many other possible 

contaminants are also discriminated agains t in this s tep . 

In the processing of an irradiat ion unit the samp le vials were processed 

firs t and then removed from the hot laboratory before the f lux mon i tor vials 

were opened . 

A numb er of s amples were recycled th rough these chemical procedures 

after they had been counted . No s igni f icant d i f ferences were found . 

Detailed Separation Procedures 

In these procedures the vials containing the rock or meteorite samples 

and the vials containing the mercury flux monitors were processed identically . 

After the irradiat ion all vials were washed in hot aqua regia , d is t i lled 

water , and acetone p rior to opening . The opened vials were empt ied by 

gentle tapping over a Teflon evaporat ing dish , containing a few drops o f  

dist i l led water.  An aliquot of a s tandard solut ion o f  mercuric nitrate 

con taining approximately 50 mg of me rcury , as we ll as hold-back carriers 

for irid ium (as chloride) , gold (as chloride) , and chromium (as dichromate)  

were added to the sample in the d ish at this point . After the powder had 

been discharged the interiors of the vials were individual ly washed in warm 

aqua regia , using a t ransfer p ipe t te to thoroughly flush both halves o f  

t h e  broken vial.  This wash solution was combined with  the  bulk of  the  sample 

at a later s tep in these procedures . 

The powdered sample in the dish was firs t  t reated with 20 ml of concen­

trated HF plus one or two drops of concentrated H2S04 . The dish was p laced 

approximately seven inches below an inf rared heat lamp and hea ted to reduce 

the solution volume to approx imately 2 ml . The HF addit ion was then 

repeated and the volume reduced to 1 ml . To the residue was added 5 ml of 

aqua regia and the previous ly ment ioned vial wash so lut ion .  The solut ion 

was then reduced to near d ryness under the heat lamp . Loss  of mercury occurs 

i f  at any point in the dissolution the solut ion goes to dryness . 

The salts in the Teflon dish were then dissolved in 20 ml of 0 . 5 � HCl . 

In the case of the chondri tic meteorite samples a f ine dark res idue was often 
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observed at this point . In these procedures fus ion s teps or high temperature 

dissolution had to be avoided to prevent loss of mercury . There fore , this 

s light res idue was not further processed , but rather removed by centrifugat ion 

and discarded . 

The 0 . 5 ,!1 HCl solut ion of the samp le was then added to a pre-washed 

Dowex 1, X-4 50-100 mesh ,  anion exchange column which was approximately 

1/4 inch I . D . and 4 inches in length . Mercury was held on this column 

wh i le a large number o f  interfering ions were eluted with 4D-50 ml of 

0 . 5 .t1 HCl . The column was further washed with 2 5  ml o f  0 . 1 ,!1 IICl and 

25 ml of dis t i lled water wh ich removed additional interferences . 

Mercury was eluted f rom the column with 40-50 ml o f  freshly prepared 

0 . 1 � thiourea which was also 0 . 01 � in HCl .  The eluen t containing the 

mercury was heated to 80 
°C for f i f teen minutes to hydrolyze the thiourea 

and t reated with severa l drops of concentrated NH �OH to precipi tate the 

mercury as HgS . The precipitate was separated by centri fugation and washed 

with warm dis t i l led water.  

The precipitate HgS  was  dissolved in a few drops of  warm aqua regia , 

heated with a few drops of concentrated HCl to remove excess N0 3
- , di luted 

to 20 ml with disti lled water,  and cent ri fuged to remove f ree sulfur . The 

solut ion was then neut ral ized with a saturated solut ion of Na2co 3 to the 

point whe re a precipitate of Hg ( OH) 2 j ust  persis ted , and then made acid with 

two drops o f  concentrated HCl .  To this s lightly acid solut ion was added 

10 ml of a freshly prepared 50 percent by weight solut ion of  phosphorous 

acid . The solut ion was then warmed to 60 °C for ten minutes to ini t iate 

precipitat ion and cooled in a water bath at 10 
°C for at least one hour. 

The white precipitate of Hg2 Cl 2 ( further reduct ion causes the precipitate to 

darken due to the formation of  elemental mercury ) was cen t ri fuged and washed 

twice with 5 ml aliquots  of 0 . 5 ,!1 HCl . 

The Hg2Cl 2 precipitate was dissolved in a few drops of aqua regia and 

addit ional gold carrier added . This solution was d iluted with 10 ml o f  

8 .t1 HCl and AuCl �- extracted with two success ive 1 0  m l  port ions of  ethyl 
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acetate . The aqueous layer which contained the mercury was reduced to a 

volume of 2 ml on a hot p late to remove excess HCl and diluted with 30 ml 

of distilled water . 

A few drops of AgN0 3 were added as a s ilver scavenger .  The precipitate 

of AgCl was centrifuged and discarded . 

The mercury containing solution was then adj usted to pH 6 . 5 with a 

saturated solution o f  Na2C0 3 and warmed to 80 
°C .  A small amount of solid 

thioacetamide ( the size o f  the head of a match )  was added to the solut ion 

with s t irring to precipitate mercury as HgS . The precipitate was digested 

at 80 °C for f i fteen minutes , washed several times with d is t illed water 

and ethyl alcohol , and t rans ferred to a weighed , r immed,  s tainless s tee l 

planchet ,  us ing absolute ethyl alcohol and a t rans fer pipette . The preci­

pitate was dried at 105 
°C in a drying oven for one hour , p rior to final 

weighing and counting . 

Any extended heat ing of solut ions containing both mercury and ch loride 

ion , or evaporat ion to d ryness  g reat ly decreases the chemical yields of 

these procedure s .  Using min imal amounts of  aqua regia i n  t h e  various 

dissolut ion procedures is advantageous . Chemical yields , us ing t hese proce­

dures , varied f rom as l i t t le as 10 pe rcent to as high as 80 percent . 

Coun t ing 

The radionuclides of primary analy t i cal interest are Hg l 9 7m , Hg l 9 7 , 

and Hg2 0 3 . In me teorites , cont ribut ions to the Hg2 0 3 by fas t neut ron 

reat ion products such as Tl 2 0 3 ( n , p )  Hg2 0 3 and Pb 2 0 6  (n , a) Hg2 0 3 are 

negligib le due to thei r  low reaction cross s ec t ions , and the low abundance 

of thallium and lead in the materials analyzed. 

Hgl 9 7 

The intense 0 . 0 7 76 HeV gamma-rays emit ted by 6 5  hour half-li fe Hg l 9 7 

were eas i ly observed in the spectra ob tained . Howeve r ,  it was felt  that the 

data ob tained from this radionuclide would not be  superior to that obtained 

by count ing the longer-lived  Hg2 0 3 . First , any s l ight radiochemical contamina­

tion in the count ing sample which would emi t ionizing radiation would also 
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generate mercury X-rays (K�I • 70 , 8  keV) . Since this X-ray peak falls c lose 

to the photopeak of  the Hg 1 9 7 gamma-ray , some d i f ficulty would be experienced 

in this resolution and the interpolation of a proper  base-line correct ion . 

In addit ion , variab le chemical y ields might require corrections for self­

absorption and self-scat tering in the use of such low energy radiations . 

Hgl 9 7m 

There were also several disadvantages in the use of the 0 . 133  MeV gamma­

rays of 2 4  hour half l i fe Hg 1 9 7m as an analyt i cal radionuclide . The region 

near 0 . 133  MeV in the experiment al spect ra con tains an addit ion peak due to 

the summation of  two 0 . 0766 MeV gamma-rays f rom the decay of  Hg 1 9 7 , In 

addition there are contributions to this region f rom the low intensity 0 . 19 

MeV gamma-ray of Hg l 9 7 , and scattered radiation from the principal 0 . 28 MeV 

gamma-ray of H� 2 0 3 , Therefore , precise determination of me rcury a f ter  

passage of  up  to five hal f  l ives by means o f  l lg 1 9 ?1!1 mny be impossible due 

to d i f ficu l t ies in baseline int e rp olnt ion and the relat ive ly low int ens itv . 

Hg2 0 3  

For reasons discussed above , Hg 2 0 3 was chosen as the analytically most 

important  rad ionuc l ide . All count ing was done by gamma scint ill� t ion 

spect rome t ry .  A 1-1 / 2 x 1 inch Nal (Tl) scint i l lat ion c rystal with a t hin 

aluminum window coupled through a detector to a RIDL 200 channel analyz e r ,  

o r  a Packard 400 channel analyzer was used . The front face of the crystal 

was approximately 3 / 4 inch f rom the samp le planchet d ur ing count in� .  

Coun t ing periods varied f rom two minutes up t o  1000 minutes depending 

on the level o f  activity involve d .  For most  meteor i t e  samp les t h e  integra­

tion of the Hg2 0 3 pho topeak above an interpolated baseline yie lded more 

than 10� count s .  For the rock samples con taining the smallest amounts  of 

mercury , it was usua l to accumula t e  2 500- 7500 net count s above the baseline . 

Us ing the irradiation and count ing cond it ions of this work , the sen s i t ivity 

could be exp ressed as ranging f rom 2 x 10 3 to 9 x 10 3 counts /minut e per �g 

o f  mercury , for the 0,  2 8  �leV gamma-ray pho topeak int egrated above the 

interpolated baseline , 
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Radiochemical Puri ty 

Checks on the radiochemical purity of the samples counted can be made 

by means of chemical recyc lin� and determina t ion via d i f ferent me rcury 

ac tivit ie s . 

PROCEDURF. 19 .  

Cel lu lose  Co h.unn Chromatography to Separate ��ercury and Gold from RaDEF 

Source : G .  w. Warren , et al . ,  Search for New Radioact ive Nuc l ides in the 
Region of 1 26-Neutrons , U . S .  Atomic Energy Commiss ion Report 
AECU- 3165  ( 1 956) . 

General Procedure 

A chromatographi c  co lumn of convent ional des i �n was compris ed of a 

3 ca pyrex g lass tube , approximate ly  1 25 em long  j oined to a 29/4 2 ground 

g lass j oint . The uppermost port ion of the inner j oint had been mended over 

and 4 hol es of approximate ly  1 mm diameter were p lacet! at random over the 

oval s urface which was covered with a piece of  Whatman No . 1 fi lter paper .  

The bottom portion of the inner tube had  been reduceu to about 7 mm diameter . 

Tite rate of flow of so lvent during packing o f  the co l umn was adj usted by a 

pinch c lamp attached to a rubber hose which had been p l aced over the 7 mm 

tubing . To obtain reproducib l e  resul t s  i t  was necessary to insure that the 

ce l lu lose  co l umn packing was of  maximum desnity anu homogenei ty ,  i . e . , that 

no bubb l es or cavities  were present . 

The column is  prepared by add i t ion of a ce l lu lose  so lvent s l urry to 

the chromatographic  tube containing the so lvent . The s l urry i s  prepared by 

the addition of  1 part per vo l ume of  fresh ly  screened ( 1 00 mesh)  c e l lulose 

powder to 2 parts by vo lume of the solvent to be used as the e luant . The 

solvent is s t irred s l owl y  as the cel l ulose powder is added so that the 

s lurry does not cont ain l umps of ce l l ulose  powder.  The solvent layer within 

the co l umn is  maintained at a minimum of 5 em above the ce l l ulose l eve l .  

So l vent i s  withdrawn constant ly from the column unt i l  the des ired or minimum 

flow rate has been obtained . The ini t i a l  rate of flo1� mus t be fairly  s low 
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in order to avoid cavi ty format ion and bubb l es , and to insure that the 

cel lulose powd er packs even l y .  The flow rate is gradual ly  increased as more 

cel lulose powder is added to increase the co lumn l ength , unt i l  the maximum 

flow rate is reached approximate ly  2 hours a fter the addit ion of s lurry i s  

compl eted . After the rate o f  solvent flow i s  constant for a period o f  20 

to 30 minutes , the column is ready for use .  The mixture to be s eparated 

is added in IIC l  so lution and is contained in the smal lest  possib le  vo lume .  

The solvent j us t  covers the cel lulose surface during and immed iately after 

the addi tion of the samp l e .  The band width is  found t o  depend l argely upon 

the volume of the so lvent above the cel lu lose  surface ; for this reason the 

vol ume of the mixture and of the so lvent above the cel lulose surface has 

to be kept to a minimum in order to produce narrow zones . When the cel lulose 

surface i s  exposed to  air whi l e  the samp l e  i s  at the top of the col umn ,  SOlie 

cations , e . g . , Au and Po are reduced to l ower ox idat ion states , which are 

characteri zed by di fferent RF values . 

To produce a c l ear separat ion by use of  the cel lulose column method , 

i t  i s  necessary that the des i red species be e l uted first fr0111 the column ,  

s o  that the remaining ions fo l low a t  a RF value di ffering b y  a t  l east 0 . 2 

from the fi rst cat ion eluted .  

After col lect ion of  each fract ion , the receiving section of  the column 

i s  removed and thorough ly washed in order to remove comp letely the port i on 

of  the preced ing zone remaining . 

The zones are identi fied either by scanning with a counter , spot 

testing , or by identi fying the characteristic  co lor of the comp l ex ion , e .g . ,  

red : PdCl: , yellow :  AuCl� , and red :  IrCl� . Mercury is ident ified by 

use of a 0 . 5  percen t alcoholic solution of diphenyl carbazide , which 

results  in a blue coloration of the band.  

Separation of  Hg and Pt from RaDEF 

Sample consists of spend radon seeds in the presence of Au and Hg 

1. Add 25 ml each of P t , Tl , Bi , and Pb carrier.  

2.  Reduce solution to approximately 5 ml volume . 
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3 .  Add 10 ml aq ua regia.  

4.  Evaporate three times with  added HCl to expe l HN03 • 

5 .  Make solut ion 6� wi th HCl . 

6 .  Add 1 0  m l  o f  ethyl e ther (pre-equilib rated with 6 � HCl ) . 

7 .  Extract with s t i rring . Cen t ri fuge . Ether Laye r contains t11e 

Au-Tl fraction ; Aqueous Layer cont ains the Pt , Pb , Bi , Hg 

and Po fraction . 

8.  Reduce aq ueous solution to a 2 ml volume . 

9 .  Add solut ion t o  a s t andard cellulose column.  

Band width • 5 em , Elution rate • 2 . 2 ml/minute . 

Eluant - Butanol saturated with 3 ! IICl . 

10 . Co lle c t  f ractions lis ted be low .  Iden t i fy the components  and 

discard the Au , Po , Bi and Pb frac t ions . 

Element Hg Pt Au Po Bi 

� 0 . 8  0 . 7 1 . 1 1 . 0  0 . 6 

1 1 .  Reduce Hg and Pt f ract ions to a 2 ml volume . 

12 . Add 2 5  mg o f  Pb , Bi , and Au carrie rs . 

13.  Add 5 ml of  aqua reg i a .  

14 . Evaporate three t imes with added HCl to expel UN0 3 . 

15 . Reduce so lution to a 2 ml volume . 

16 . Repeat s teps (9) through ( 15 )  twice . 

1 7 .  Iden t i fy H g  an d  Pt fractions and mount for count ing . 

PROCEDURE 20 . 

Fast Separat ion of Cations Using Ascending Paper Chromatography 

Source : G .  w.  Warren , Search for New Rad ioactive Nucl ides in the 
Region of  1 26-Neutrons , U .  S. Atomic Energy Commission Report 
AECU- 3165  ( 1 956) . 

Pb 

0 . 3 

Separati ons of microgram quanti t ies of radioact ive mercury ,  thal l ium ,  

bismuth , and lead and of  non-radioact ive p l at inum, gol d ,  copper , nicke l , 
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coba l t ,  iron , cadmium, s i lver , and pa l l ad ium in from 2 to 20 minutes can be 

achi eved with ascend ing paper-chromatography using acetone contain in� various 

comp l exing agents as deve l opers . 

The most suitab l e  paper for produc ing fast  and reproduc ib le  separations 

i s  Eaton-Dikeman Grade 30 1 , 0 . 1 inch thick , which had been puri fied by 

downward perco lation wi th nitric acid , acet ic  ac id and water . Whatman No . 1 

paper without washing wi l l  �ive separations normal ly in 1 to 2 hours under 

ident ical  condit ions . 

Separations are carried out in 1 0  em diameter g l ass  tubes about SO em 

long p l aced erect in  a 1 l i ter beaker containin� the deve loper solut ion . A 

rubber stopper containing both a g lass hook for suspend ing the paper strip 

and two 6 mm g l ass  vapor tubes is  used to seal  off the tube .  Solvent vapors 

are introduced cont inuous l y  by pass ing a sma l l  stream of air through the 

flask contai ning the bo i l ing so lvent connected to the vapor inlet  of the 

g lass chamber . 

About 1 0  microl iters of a so lut ion containing 5 to 1 0  micrograms of  the 

cations to  be separated are app l ied to the paper so that , when suspended 

in the chamber , the spot would be about 1 em above the surface of the 

developer . With mercury , tha l l ium ,  bi smuth , and l ead , radioact ive l lg 2 0 3 , 

Tl 2 0 4 , RaE and Pb 2 1 0 , respective l y , are used ei ther at tracer conc entra­

t ions or carrier- free . Prior to suspend ing the paper s trip , the chamber i s  

supersaturated w i t h  so lvent vapors . The chamber i s  ready for use about 5 
to 1 0  minutes after the so lvent vapors are first introduced . Under these 

conditions , ac etone ascends the first 20 em of Eaton-Dikeman Grade 30 1 

paper in about 1 5  minutes , whereas 1 - 1 / 2  to 2 hours are required for acetone 

to ascend the same dis tance on Whatman No . 1 paper .  After a distance suitab l e  

for a s eparation is  reached , from 5 t o  2 0  em depending on the RF values for 

the parti cular deve l oper system , the strip i s  removed from the chamber and 

either streaked wi th a suitabl e reagent to indicate the presence of active 

zones or scanned with a counter . 
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The streaking reagents used to l ocate the zones are as fo l lows : 

diphenyl carbazide ( 0 . 05\ in ethanol ) 

potas s ilDII iodide ( 5\ solut ion) for Pt  

Tl+++ , Pb++ , 

sodilDII sul fide 

Tl+ , 8 . +++ 1 • 

Bi 

( 5\ so lution)  

T ++ e , T + 3 e , Ag 

dimethy lamino benzalrhodamine 

for Cd , 

( 0 . 03\ 

+ for Hg , 

It+ Pd++ , • 

cu• . Cu +
+ 

• 

H ++  g • and n • 3 

A +++ u • Hg+ , ++  ltJ! • 

Co , N i ,  Pb , Au , 

in ethanol )  fO'l' Hg+ , H ++  g • 

TAIL£ XLI I I .  RF val ue s  for Eaton·Dik_,. Grade 30 1  Paper. 

Cat ions o. .. loper Syst•s 

I I  I l l  I V  v VI VI I VI I I  

Pd 0 . 9 1  0 . 12 0 . 91 0 . 92 0 0 . 9S o . aa  0 . 16 

A� 0 0 . 4 0  o . u  0 , 4 S  0 0 , 37 0 0 . 23 

Cd 0 . 63 0. 76 0 . 61 1 . 0  0 , 4 S  0 , 46 0. 33 

Fo( l l )  o .  76 o . ao  0 . 24 O . S2 0 0 . 7 3  0 o . aa 
Fo ( I I I J  0 . 76 0 . 70 0 0 0 0 0 0 

Co 0 . 33 o . ao 0 . 64 o . ss 0 0 , 4 0  0 . 40 0 , 26 

Ni 0 0 . 62 0 0 . 1 7  0 9 0 0 

Cu 0 . 64  0 . 60  0 0 0 0 0 0 . 2 1  

B i  0 . 93 0 . 9 3  0 . 98 0 . 96 1 . 0 0 . 98 0 . 92 0 . 91 

Pb 0 , 4 R  0 . 1 6  0 0 . 3S 0 0 0 . 2S 0 

Tl ( l )  0 . 1 1  0 . 26 0 . 26 0 , 08 0 0 0 0 

Tl ( I l l )  0 0 0 . 26 0 . 4 S  0 0 0 0 

Ill ( I I )  0 , 96 o . ao O . R 3  0 . 1 3  o. 7 7  0 , 74 

Au( l l l )  1 . 0  1 . 0  1 . 0 1 . 0  1 . 0 1 . 0 1 . 0 1 , 0  

Pt ( I V)  0 . 89 1 . 0  1 . 0 0 , 9 2  1 . 0 1 , 0 0 . 81 o. 1o 

Tl+ , 

p It+ t • 

and Ag . 

I X  

0 , 83 

0 . 96  

0 . 7S 

0 . 1 1  

o . a s  

0 . 9 3  

0 . 91 

0 . 7 9  

0 . 9 1  

0 . 1 1  

0 . 7 1  

0 . 70 

1 . 0  

0 . 7 1  

0 , 19 

The RF value t abulated in Tab le XLI I I  is the ratio o f  the dis tance 

leading edge of a zone to the dis tance of the solvent front , both measured 

from the midpoint of  the original spo t .  The developer sys tems used are as 

follows : 

I 50% of 6� HCl - 95% ace tone 

I I  5 %  of  0 . 5� HCl - 9 5 %  ace tone 

I I I  1 0 %  of  a 5% tartaric a c i d  solution - 9 0 %  acetone 

IV 10% of a 5% Na2 HPOit solution - 90% ace tone 

V 20% methyl acetate - 80% ace tone 

VI 5% of a 10% ant ipyrene so lut ion - 95% acetone 

VII 5% of  a 5% solution o f  thioacet amide - 95% acetone 
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VIII  5% of  a glacial acetic acid - 95% acetone 

IX 5% tartaric acid solut ion - (aqueous ) 

X wate r saturated with an iline 

Percentages are by volume excep t with the case of solids where they are 

by weight . 

PROC�DURE 2 1 .  

The rmal Separat ion of  Radiome rcury from Radiosodium 

Source : Reaser e t  al . ,  Science 109 , 198 (1949) . 

A number o f  phys iological phenomena can be s t udied best by the simul­

t aneous admini s t rat ion of two or  more radioactive isotopes . 

Mercury , one of the oldest  o f  the rapeutic agents ,  combines with other 

elements to fo rm many compounds , usually organ i c ,  of  de finite b iological 

interes t .  I t s  organic combiRations are characterized by thermal ins tab i lity , 

which is the bas is o f  the following separat ion procedure . 

Thi rty samples o f  an aq ueous Mercuhydrin preparation labelled with 

Hg2 0 3 were accurately measured onto filter paper discs and allowed to d ry 

at room temperature . Similarly , 30 such s amples of a solution of radioact ive 

sodium (Na2 2 ) chloride were prepared , to which , after dry ing , was added a 

known amount of radioact ive Mercuhyd rin solution .  The papers were fixed t o  

tinned discs with rubber paper cement .  

After being counted , all preparat ions were p laced alternately in pos it ion 

on a sheet of aluminum measuring 18" x 12" x 3/16" and heated in an oven to 

250 °C for one hour and twenty minutes .  Upon removal and cooling they were 

again counte d .  Interference b y  t h e  rubbe r  cement was shown t o  b e  nonexis ten t .  

A mean of  more than 99  percent of  the mercury o f  a Mercuhydrin prepara­

t ion was driven off  by heat , whereas under ident ical condi t ions a sodium 

preparat ion did not change sign i ficantly .  
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PROCEDURE 2 2 .  

Trace Mercury Deterainat ion i n  Liquid Metals  

Source :  A .  A .  Smales ,  Proceed ings of the International Conference on the 
Peaceful  Uses of  Atomic Energy , Vol .  9 ,  p .  273 ( 1955) . 

Approximately 1 gram of the sample  is  disso lved in methanol and titrated 

accurately wi th s tandardized acid to a methyl red endpoint . On the basis  of 

a 1 : 2  sodium-potassium rat i o ,  the equival ent weight of the al loy samples 

was taken as 33 . 732  grams . To the titrated solution , add 30 mg of Hg++  

carrier and 3 ml of concentrated I IC l , then evaporate careful ly to incipient 

crystal l i zation .  Di lute the samp l e  to about 2 0  ml and add an excess o f  

stannous chl oride t o  precipitate a l l mercury in  the metal l i c  form. Centri-

fuge , discard the supernate and dissolve the metal in 3 drops of  concentrated 

hydrochloric acid and 2 drops of concentrated nitric  acid with the aid of 

gent l e  heat ing . Di lute again to 20 ml and carry out two s i lver chloride 

scavenges using 5 mg Ag+ each t ime and digest the precipitates for a few 

minutes on a boi l ing water bath before centri fuging . Tes t  for comp lete 

removal of s i lver carrier by adding a further drop of concentrated HC l a fter 

the l ast  centri fuging . Discard the scavenging precipitates and add 2- 3 smal l 

drops of  6N stannous ch loride reagent to the supernate . Centri fuge the 

mercurous chloride precipitate ,  wash twice with 10 ml portions of water and 

once with methanol . Discard a l l  supernates . S l urry the mercurous ch loride 

with methanol and trans fer to the bot tom of a long cold finger condenser 

packet ( 1 7  x 2 em) us inp, a long-t ipped dropping pipette for the purpose .  

Evaporate the al coho l with gent l e  heating .  Cover the sol id mercurous 

chloride with powdered i ron , insert the cold  finger ,  and adj us t  an asbestor 

shield around the j acket about one-hal f inch above the bottom of the co ld 

finger . App ly increasing heat from a bunsen burner unti l  the iron i s  

g lowi ng red and maintain t h e  flame for a few minutes t o  drive a l l  mercury 

onto the tip  o f  the cold finger . A l low to cool completely  before removing 

the j acket and rep lacing i t  wi th another having 7 drops of a concentrated 

1 4 5  

Rad iochemis t r y  o f  Mercu ry

Copyr ight  Nat ional  Academy of  Sciences.  Al l  r ights reserved.

http://www.nap.edu/18572


I IC l -I IN0 3 mixt ure in the bottom . Gent ly dist i l l the acid onto the cold 

finger (water flow now shut off)  unt i l  the gray fi lm of mercury is  d i s so lved . 

Coo l a�ain and d ismant l e ,  rins ing the cold finr.er thorou�hly as i t  i s  

withdrawn . Trans fer the d i luted acid washings to a 40 ml centri fuge tube , 

and add 2- 3 sma l l drops o f  s tannous ch loride reagent . The precipitate 

should be  wh ite  or at worst  faint ly gray . I f  an excess of stannous reagent 

has made it gray , the precipitate may be centri fu�ed off ,  red i s solved in a 

few drops of  aqua regia  and reprecipi tated with l ess  stannous chloride .  

Centri fuge ,  wash twice with  water , once with  a lcoho l and s l urry onto a 

weighed count ing tray and dry under an infra-red lamp . Weigh , and correct 

the activity for chemical  yie ld .  

PROCEDURE 2 3 .  

A Method for t h e  Separat ion of  �lercury I sotopes from Irradiateu Go l d  

Source :  1� . Parker,  Nuc l . Instr . Methods !• 354 ( 1 960) . 

The purpose o f  this note i s  to make known the constructional uetai l s  

of a n  apparatus deve l oped for the s eparation and consequent depos ition o f  

I I� i sotopes from irradiated Au . Th e  apparatus , s een i n  Figure 47 , funct ions 

as a vacuum evaporator and can be put together in a few hours by a machine 

shop and , when complete ,  may be rel ied upon to g ive reproducibl e  results . 

Part o f  the apparatus forms a dewar fl as k  cons tructed by p lacing a sma l l  

brass cup , A ,  within a l arger one , B .  Cup A has a d iameter o f  4 0  mm ' s ,  the 

l arger cup ,  B ,  70 mm ' s .  The bottom o f  A i s  dri l l ed and tapped to take a 

threaded rod , c. Hard soldered to B are two hal f- inch s tandard vacuum 

connect ions E and D .  The mal e  co�nterpart of D i s  fit ted w i t h  a quartz  tube , 

F ,  fastened by means of thermal c ement G ,  whi le the second vacuum connection 

E, is  for evacuating the system .  

Th e  operating procedure is  as  fol lows : Part o f  a l l  o f  the Au target 

is  p laced in the quartz  tube.  A gold spot , the diameter of which wi l l 
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A 

Figure 47.  Vacuum evaporation apparatus for mercury separat ions . 

depned on the source requirements , is  vacuum depos ited onto a suitab l e  piece 

of mylar.  The unthreaded end of the  rod i s  smeared wi th vacuum grease and 

brouP,ht into contact with the uncoated s ide of my l ar ,  the surp lus my l ar 

bein� p leated a long the s ides o f  the rod .  The rod and quartz  tube can now 

be screwed into the ir respect ive pos i tions . After pumping for some minutes 

the rotary pump is isolated by means of a va lve and the dewar fi l l ed with 

either dry ice and a lcohol or l iquid air .  A bunsen burner i s  suitab l e  as a 

heat source and onl y  a smal l flame necessary . 

Depos it ion times were from 1 5  to 60 minutes after whi ch the myl ar was 

removed and stretched over a suitab l e  holder.  Us ing the described apparatus 

efficient depos i tions have been carried out , and when necessary , 1 00\ separa-

tion ach ieved . 

PROCEDUR E 2 4 . 

Carrier- Free Separation of Mercury I sotopes by Vol ati l i zat ion from Gol d  
o r  Thal l ium Targets 

Source : R .  w .  Fink and E.  o .  Wiig , J.  Am .  Chern . Soc . 74 , 2457 ( 1 952) . 
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A portion o f  the �o ld or thal l i um  tar�et i s  p l ac ed in the chamber of a 

stainless stee l vapori zer.  A c l ean p latinum col lect ing p late i s  cemented 

to a stain l ess  stee l  water cooled co ld  finger . The bottom of the apparatus 

is  heated for about S minutes with a Fisher burner to not more than · 400 ° C .  

The vapor pressure of pure mercury is  1 572 . 1 mm at 400 °C ,  of pure 

gold only  0 . 001 mm at 1 292 °C ,  and of pure tha l l ium on ly  0 . 00 1  mm at 4 1 3 °r. . 

Thi s  large d i fference of vapor pressure between mercury and �o ld  and thal l ium 

at 400 °C a ffords a mercury vo lati l i zation s eparation procedure wh i ch i s  

quick , carrier- free , and exce l l ent with respect to  purity .  

PROCEDURE 25 . 

Radiochemical Mercury Separation 

Source : w. W .  Meinke , Chemical Procedures Used in Bombardment Work at 
Berkeley ,  AECD- 2738 ,  p. 232 ,  ( 1949) . 

El ement s eparated : Mercury 

Target material : Gold or p latinum 

Type of bbdt : Protons on go ld  or 
a- part ic l es on Pt , but not vice 
vers a .  

Procedure by : R .  W .  Fink and 
S .  G. Thompson 

Time for sep ' n :  from 1 to S min . 
Equipment required : mercury volat i l i zer 

(see astatine boi ler) 

Yield : Enough activity to work with but by no means quant itative . For more 

y ie l d ,  heat longer . 

Degree of puri fication:  Extreme ly  pure . 

Advantages : For short Hg hal f- l ives when quick samples  are des i red for 

count ing . Definitive purity.  

Procedure : 

1 .  The target i s  introduced into the chamber of the Mercury vapori zer . 

A thin Pt co l l ecting p l ate  i s  put on the bottom of the water-cool ed 

co ld finger with duco cement . 

2 .  The Hg i s  then vapori zed by a bunsen flame ,  and i s  col lected in 

high spec ific activity on the p l ate . 
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Reurks : 

a .  Caut ion must b e  exerci sed not t o  open the vapori zer unt i l  i t  has 

thoroughly cooled , l es t  the hands become covered with unwashab le  

mercury activity which spews forth when the  vapori zer i s  hot . 

b .  The vapor pressure o f  Hg a t  onl y  400 °C i s  1 574 . 1  mm o f  Hg , over 

2 atm . ; whi l e  that of mol ten gol d  at 1 292 °C is onl y  0 . 00 1  mm . l ienee ,  

a t  1 000 °C ,  a comp l ete separation i s  attained . 

Tl i f  present wi l l  fol low the llg in this  procedure . 

PROCEDURE 2 6 .  

Steam Disti l l at ion of  Mercury 

Source : J .  R .  DeVoe , NAS-NS- 3108 ( 1 962) . 

Steam disti l l ation of mercury in the presence of a reduc ing agent 

was first proposed by Mi l l er (11 .  L. M i l ler & L. E. Wachter : Anal . Chem. 

�. 1 31 2 ,  1 950) , who c laimed quant itative recoveries . In thi s  procedure 

the reduc ing agent ( either SnS04 or SnC1 2 ) was added in one step instead 

of dropwise .  A micro-Kj e ldah l  apparatus was  used . The dist i l l ation 

process was monitored w i th Hg 1 9 7  - 1 Jg2 0 3 tracer. 

Procedure 

Introduce the solution into the micro-Kj e ldah l  apparatus and add 

H2S04 to make the solution 0 . 5N in acid.  The total vo l ume should not 

exceed 20 ml . Add 20 ml SnS04 or SnC 1 2 solution . Steam disti l l ation is  

carried out from 15  to 20 minutes , the  tip of the  cool er p l unging into 

25 m l  of  a H2S04 - KMn04 solution, cooled in ice water . 

Reagents  

1 .  Concentrated H2S04 analytical grade . 

2 .  Reduc ing agent : 

a) 1 0  g SnS04 dissolved in 1 00 ml H20 + 1 drop 36 � H2S04 ; fi l ter 

off residue ; 
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b) 1 25 g SnC1 2 • 2H20 are dissolved in 1 00 ml  of 1 2  N HC l and di luted 

with water to 1 000 ml ; 

3 .  H 2so., - K�ln04 mixture : 250 ml 3. s !'! H2so., + 250 ml o .  8 !'! K�tno., . 

PROCEDURE 2 7 .  

Separation of  �fercury Depos it  from �feta l l ic Copper 

Source : J .  R. DeVoe , u .  S. Atomic Energy Commission Report AECU-46 1 0 ,  
December 1 959 . 

Method 

Thi s  method uses the wel l -known fact that copper metal wi l l  reduce 

mercury onto its surface from aqueous so lution . The copper s trip is then 

heated to remove the mercury . 

1 .  To a SO m l  round bottom centri fuge cone , add carrier- free Hg 2 0 3 

tracer solution ,  in known amount for yie ld dete�ination . I f  a decontamina-

tion factor is to be measured , use inactive mercury p lus a radioisotopic  

tracer o f  the  contaminant . 

2 .  Add sufficient acid to bring tota l volume to 2 ml of 0 . 1 5� HN0 3 • 

3 .  Prepare an 8 mg C u  foi l ,  o . s cm2 ( 1 0  mi l s  thick ) , by washing i n  

11:1 I IN0 3 t o  c l ean the surface ;  rinse with dist i l led water and add t o  the 

centri fuge cone . 

4 .  Stir  s lowly  for about 20 minutes and wash s ix t imes with d i st i l led 

water and once with acetone . 

s .  Trans fer to a carbon rod furnace ,  and heat to 1 00 °C for three 

minutes .  

6 .  Co l lect the  mercury on  Teflon fi lm . Cut out the  area where 

col l ect ion occurs , and count in a scint i l lat ion wel l counter . 

Notes 

1 .  The yield  of  the separation with 76 ll gm of llg in O . l SN HN0 3 is 72  ! 3\ . 

Error is  standard deviation for S experiment s .  

2 .  Decontamination factors for a number of  e l ements are l i sted i n  Tabl e  X L I V . 
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Reaarks 

Method was tested with J ig c arrier in the 0 . 2 ug range . Quant itat ive 

results  were obtained for up to 78 u g .  

Alternat ive Procedure 

Dis t i l late is  co l lected in two one ml port ions of the H2S04 mixture 

in 2 consecuti ve micro-traps . 

Contuinant 

Aai i O  
.. 1 �0 
Au I " 

Ce i ��-Prl �� 
(d i i SII 
eo" 
crS I 

Cs l h 
cu'� 
l n l l " 

l r 1 92 

Nb9 5 

Pd 1 0 9 

Rui n  
s. 7 S 

Sb 1 2 " 

Sn l l ' 

Ta 1 1 2 

n zo� 

Znu 

zr' s 

•Notes : 1 .  
2 .  
3 .  
4 .  
5 .  

TAILE XLI V. lleconuainat ion factors for the separation of •rcury 
onto copper and the d i s t i l l ation of aercury , 

Decontaaination Factors 
Aao .. t ( �I) O.•ical Redn. Dist i l l ation 

200 1 . 2  hlO� 
C. F .  3x l ol ( 2 . 3xl05) 3. 3x lol 

220 40 4x 1 0 3  

C. F .  1 . 2x l O '  2. 3 

1 90  1 . 6x l 02 3 , 4  • 3  

7 , 4  1 0 5  5 

s 2 , Sx l O '  6 

2 . 5  3x 1 0 1  2 . 3  

65 1 . 2x 1 o z  l , 4x l 02 

4 . 6  1 0 5 ( 2xl07) •4 1 02 

0 . 2 2xl0� 1 . 4 

a 3x 1 0 3  1 0  

so 1 . 4 1 .  7x l 0 5  

2 32 350 

3 . 5 6. 5 2 . 11x 1 0 3  

0 . 6  2 . axlo 2 4 . 7  

soo l . :Sx l O J  1 0  

4 

400 4x l O "  2 . 5  

laO 4 . 3x l 0 1  4 . 7  

a 2 .  7x l 0 3  1 4  

F l uoride coap lexlnR aaent for Ta 
Mercury coaes off at 350 OC. interferes w i t h  t h e  aercury yield . 

Mercury c011es off at 220 °c . 
Start with S x 1 0 6  and (4 x 101)  (C/M resp . )  
Start with 1 . 9  x 1 0 6  a nd  ( 1 . 9  x 1 0 ') (C/M resp . )  

PROCWURL 2 8 .  

Total 

2 . 4xl0� 

1 D s (7 . 6x l 07)  • s 

l . 6x l 0 5 • 2  

2 . 1 x 1 0 3  

5 , 4xl02 

Sx l o s  

1 . 5x 1 0 �  

6 . 9x l 0 3  

l .  7x l0� 

107 (2xl09) 

2 . 8x l 0 �  

3x lO� 

2 . 4x l 0 5  

l . l x lO� 

l , lx 1 0 �  

1 . 3x l 0 �  

l . :Sx l O� 

- - · 1 

1 0 5  

2x l0� 

3 . 8x l 0 �  

Dete rmina t i on of He rc ury in B i o l o g i c a l  Ha t e r i n ls by Ac t i vat ion Ana lys i s  

Source : B .  S j o s t rand , Anal . Chern . �. 814  ( 1 Y 64 ) . 

Sample and Standard Preparat ion 

Because o f  the vo la t i l ity o f  me rc ury compound s ,  samp le s we i g h ing 0 .  3-

1 gram mus t be scale d  in q ua r t z tuut!s b e fo re i r rad ia t ion . Tile tubes  mus t 
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be care fully cleaned be fore f i l l ing them wi th the samples , and precaut ions 

should also be taken to avoid contamina t ion inside the t ube . A sealing 

technique is presented in the Append ix I to this  Procedure . 

He rcury s t andards are prepared f rom an aqueous HgC1 2 solut ion and 

should contain about 1 lJ g  o f  the elemen t .  A known amount of the freshly 

p repared s t andard solut ion is  pipe t ted on a small filter  pape r c i rc l e .  About 
• 

the s ame volume of saturated l l 2S solut ion is added to the f i l ter pape r .  Af t e r  

care ful d rying , the f i l t e r  pape r i s  p l aced i n  a quartz t ube and sealed as 

described in Appendix I .  During neut ron irradiation samp les and s t andards 

s hould be located as close as pos s i o le to each other to minimize the e f fects  

o f  f l ux  gradients and  flux depression in the  reactor.  Af ter  irradiation 

the s amp les should be allowed to cool for at least ten days . 

In breaking the t ubes , precaut ions mus t be taken to avoid loss o f  gaseous 

componen ts of the s ample formed by the heat in t he reactor.  The tubes 

should the refore be opened in nit ric acid in  the fo llowing way : 

After care ful cleaning o f  the tube to remove sur face contaminat ion , i t  

i s  inserted i n  a piece o f  p las t i c  tube , sealed a t  one end . The p las t i c  tube 

is then f i l led wi th oxidation mixture to cover the quartz  tube completely .  

The open end o f  the plas t i c  t ube i s  t hen sealed with a Ho ffman clamp . 

Press ure i s  app lied to the tube with a pair o f  tongs to crush the quartz 

t ub e .  The s ample is then iiiiiDediately mixed w i t h  t h e  a c i d  and the gases 

are absorhed by s haking the t ube . The plas t i c  t ube is then opened and 

the s amp le t rans fe rre d to the d i s t i l lat ion flas k .  The p l as ti c  t ube should 

be care fully rinsed wi th a few milliliters of the oxidation mixture.  It  

i s  not  necessary to separate the sample f rom the  c rushed quartz  tube . 

Radioact ivi ty Measurement 

The gamma spect romet ry  i s  per formed using a multic iaanne l analyze r 

and a 3 x 3 inch Nai (Tl ) detector . The llg 1 9 7 act ivi ty is de te rmined by 

measuring the area under i t s  7 7-keV peak. Standards are counted in 

exact ly the same geome t ry as the samples . 
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Digestion o f  Sample 

Tran s fer the sample to the flask after b reaking the tube as described. 

Add carrier solut ions of llgC12 and As 2o 3 ,  20  mg o f  each elemen t .  Add 

oxidat ion mixt ure to make 15 ml . Connect the flask to the Bethge apparatus .  

Pour a few millilite rs of water into the splash head . 

Close t he tap and heat the flask unt i l  the nit ric acid i1as dis t i l l ed 

into the reservoir.  Allow the temperature to rise to over 300 °C and boil  

tne  sample in the sul furic acid  remaining . 

When cold , run the dis ti llate back into the flask.  

Repeat the he ating cycle until the  solut ion is comple tely clear and 

colorless wi1en boiling under  re f l ux .  

Separat ion of  liercury 

Add a mixture o f 5 ml o f  70 percent pe rcn loric acid and 0 . 5 grams o f  

glyc ine i n  5 m l  o f  water t o  the dissolved samp le .  

App ly heat t o  the flask . When t he solut ion i s  boi l ing under re flux ,  

close the tap and col lect the e�e rcury fract ion in the res e rvoir.  Interrup t 

the dis t i l lat ion when t he tempe rat ure exceeds 250 °C .  
Tap the d i s t i llate into a 600-ml glass beaker.  Dilute the dis t i llate 

to about 300 ml wi t h  water .  Deposit  mercury o n  a 1 x 3 em ,  0 . 02 mm thick 

gold foi l  in 15-20 hours of  electrolysis at 4-6 volts and a current of  0 . 3-

0 . 5  amps . tJhen the electrolysis  is completed , neutralize the electrolyte  

wi th ammonium hydroxide , us ing phenol red  as an indicato r ,  be fore the 

current is  int errupted . 

Rinse the gold foi l  wi th dis t i lled water and t rans fer the foil to a 

beaker contain ing e thyl alcohol ,  where i t is stored until  the weighing can 

be performed. Leave the foil to dry in the air for a few minutes . Do not 

dry the foil by heat ing .  Dete rmine weight increase o f  the foil and 

calculate the chemical yield by comparison with the amount of mercury added 

as carrier. Seal the foil in a p lastic  bag . Measure the Hg l 9 7 activity by 

y-spectrome t ry .  
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APPENDIX I 

Method for Sealing Quartz Tubes . 

Since the s�al ing in quartz tubes in the case o f  merc ury-containing 

materials may no t be trivial , our me thod for this wi l l  be desc ribed shor t ly .  

The t ubes used were made from ordinary q uartz glass tube , available 

he re in 0 . 5 m lengths . The tubes were cut to about 60 mm ,  sealed at one 

end and care fully cleaned (chromic acid , dis t i l led water , alcoho l ,  annealing) 

be fore inserting and we ighing the s amples . The t ube lengt h ,  of course , 

depends on the size o f  the irradiation can used but should be at leas t 40 mm 

to insure that no rad iant heat damage of the s ample occurs during the 

sealing p rocess . For the same reason , samples should be placed only in the 

lowe r part of the tube . The sealing was made unde r  water cooling of the 

t ube ' s  sample region by means of some kind of high temperature burne r 

( > 1 700 °C) . Up to now , we have used an ordinary welding burner (acetylene­

oxygen) for this purpose but a hydrogen-oxygen b urner might be s t i l l  more 

e f fective .  The sealing mus t  be done rap idly ( in a few seconds )  t o  prevent 

heat f rom spreading to the tube ' s  sample region . 

The apparatus shown in Figure 48 has been used for sealing several 

hund reds of samples without any indication o f  serious heating e ffects . The 

apparatus consists  in its simples t  form of  a small water-filled can with a 

hole in the cover fitting the tube o r ,  still  b e t te r ,  some kind o f  spring 

sys tem fitting a ce rtain range of tube diameters to keep the tube in the 

center of the can . The can is mounted vertically and rotated slowly (20-30 

rpm) around its  axis by means o f  a small motor . The t ube is inserted in the 

Figure 48. Ske tch illustrating the quartz tube sealing technique . 
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can (4 / 5 o f  the t ube under water ) and is then ready for sealing . The water 

should be changed frequently when seal ing a number o f  tubes in series . 

APPENDIX I I  

Uecoaposition and Dis t i l lation Apparatus 

The decomposition o f  the organic material mus t .  because o f  the volat ility 

o f  the mercury compounds . be carried out in a closed sys tem .  The decompos i t ion 

and the distillation should therefore be performed in the apparatuR shown in 

Figure 49. 
This  apparatus . descr ibed by Bethge .2 1 4 cons ists  of a 150-ml distillat ion 

flask.  A. a reservoir . B .  with a two-way tap and a bypasR •  a re f lux condenser . 

c .  and a splash head . D. Wi th the tap in the pos i t ion indicated in the 

Figure 49. Apparat us for con t ro l led decompoRi t ion of  organic 
materials . also used as disti l lat ion apparatus . 

Bypass insulated wit h  asbestos yarn .  
All measures in mil l imeters .  

See page 201 for copy right citation. 

1 55 

Radiochemistry of Mercury

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18572


figure , the apparatus will  funct ion a s  an ordinary reflux device . I f  the t ap 

0 is turned through 90 , a l iq uid heated in A wi l l  d i s t i l l  through the �ypass , 

condense , and collect in B ,  f rom whe re the dist illate may be run back in to 

the flask or out through the side  arm . The apparatus cons ists , wi t h  the 

except ion of B,  o f  eas i ly avai lable s tandard p�rt s .  

�fethod f o r  Des t ruct ion o f  Organic Mat ter and the Recovery of Mercury. 

The oxidation mixture cons ists  of concen t ra ted n i t r ic ac id containing 

5 to 10 percent of  concen t rated su l furic acid . F i f teen m i l l i l i ters of the 

mixture should be used for flamples we igh ing up to 1 gram . The sample i s  

mixed w i t h  t h e  oxidation mixt ure i n  flask A .  The t a p  is closed and heat 

app l ied to t he f lask unt i l  al l the n i t ric  acid has d i s t i l led into the 

reservo i r .  The t empe rature is raised to over 300 °C , and the sample is 

boiled for a few minutes in the sulfuric acid remaining in the flask , before 

the d i s t i llation is  interrupted .  When cold , the dist illate i s  run back into 

the f lask and the heating cycle is repeated unt il  the solut ion is comp letely 

clear and colorless when bo iling under re flux . The temperature rise at the 

end of each heating cycle seems to accelerate the dest ruc t ion o f  organic 

mat ter ,  so that the des t ruct ion can be completed wi thin hal f  an hour or  les s . 

The sp lash head at the top of the Be thge apparatus should con tain a few 

millimeters of wate r .  

Dis t i l lation of Mercury 

A mixture of perch loric acid and a wate r so lut ion of glyc ine i s  added 

to the dissolved sample in the flask . The f lask is  hea ted and the l iquid 

distilled into the reservo ir . As seen f rom Figure 5 0 ,  the d i s t i llat i on mus t 

not be interrup ted unt i l  the tempe rature exceeds 250 °C . The dist illat e ,  

represent ing the mercury fraction ,  i s  run o f f  through the s ide a rm  and 

treated separately . The role of the glycine added is to reduce the perchloric 

acid to produce hydrochloric acid , which then reacts with the mercury to g ive 

a volati le compound . As this formation seems to take p lace mainly at  

temperatures above 120 °C , addit ion o f  hydrochloric acid would not produce 
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volatile aercury compounds when heated , because the hydrochloric acid would 

die till  ove r before the teaperature is attained a t  wh ich volat i le mercury 

compounds are forme d .  

I 
lr 

---�--) 
lll 

Figure 5 0. Dis t illat ion curve for mercury . 

{0% of mercury dis t i lled , X Temperature o f  Fume s )  
See page 20 1  lor copyright citatio n .  

From Figure 50 it  is seen that only 10 percent o f  the mercury is 

removed with the firs t  20  ml of  liquid d is ti l led in the temperature range 

below 125 °C ;  about 80 pe rcent of the me rcury disti lls between 190 °C and 

210 °C .  The volume of liquid d is ti lled in that temperature range is about 

4 ml and the distillation o f  mercury is 100 percent complete between 220 ° 

�nd 2 50 °C .  From these results the importance o f  not interrup t ing t he 

dis tilla tion too early is obvious . 

PROCEDURE 2 9 .  

Radiochemical Method for Determinat ion o f  Arsenic , Bromine , Mercury , 
Antimony , and Selenium in Neutron- I rradiated Biological Material 

Source : K. Samsahl , Anal.  Chem. 39 , 1480 {1967 ) .  

Neut ron activation analysis o f  t race elements  which form volatile 

compounds may be s implified in many mat rices by int roducing a dist illat ion 

s tep . The dist illate may then be analyzed by gamma spect rome t ry ,  either 
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direc t ly or after  further chemical separat ion steps . The procedure given 

below is based on the simultaneous d i s t illat ion as oxides or btomides o f  

As , Br , Hg , Sb , and Se . 

Apparatus 

The d i s t i l lat ion apparatus , shown in Figure 51 i s made o f  borosilicate 

glass , and ungreased B 14 , B 10 , or sphe rical j o ints  are used as connect ions . 

The neck o f  the d i s t i l lation flask , A ,  is surrounded by three turns of a 

coi l with an inner diameter o f  5 mm . This coi l , which reduced spray during 

the d i s t i l lat ion , forms the direct connect ion to the receive r ,  B .  

Reagents  f o r  f lask A are added t o  a sma l l  funnel ,  H ,  and t hen sucked 

in through a cap i llary tube which cont inued along the walls  and ends near 

the bot tom o f  the flask.  The d i s t i llat ion f lask is surrounded by a boro-

s i l icate glass tube in order to ensure sufficient isolat ion during t he 

d i s t i l lat ion . The f lask is heated wit h  hot ai r f rom a Bunsen burner • 

. , 
\ . \ 

Figure 5 1 .  Di s t i l lat ion Apparatus 
S ee  p age  20 1  f o r  copyright citatio n .  

A .  Dis t i l l at ion f lask , 15-ml volume , 175 mm long , B 1 4  j oint 

B .  Receiver flask , 30-ml volume , 120 mm long , B 14 j oints 

C. Ref lux condense r ,  1 50 mm lon g ,  B 10  and B 14  j o ints 

D .  E .  Traps for 2 and 5 ml , respect ively , B 10 j oint s  
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F .  H .  Funne ls , 10 X 100 111111 

G. I .  S topcocks 

J .  Boros ilicate tube , 45 X 380 111111 

K. Arrow point s  t o  

L .  Bunsen burner  

M.  Compressed Air 

water suc t ion P\DDP 

The receiver flask,  B ,  is connected in its  turn to a reflux condenser , 

C ,  two U-tube s , D and E ,  and a water-suct ion pump , K. Reagents are sucked 

into the f l ask via funne l F .  

Procedure 

The following method is suitab l e  for soft  animal t i s sue samples and 

may also be used wi thout mod i f i cat ion for hard animal t issue cont aining 

maximally 6 to 7 mg o f  Ca . However ,  it  has not been sufficien t ly tes t ed with 

plant samples rich in si lica. 

Preparat ion and I rradiat ion . Maximally 200 mg of a dried , so ft anima l  

t i ssue sample i s  sealed in a small q uartz tube and i rradia t ed t ogether with 

standards of As , Br , Hg , Te and Se for 1 to 2 days wi t h  a thermal neut ron 

flux o f  2 x 10 1 3  n /cm2 • see . The high radioac t ivity o f  the s ample is then 

allowed to decay for 2 to 3 days be fo re start ing the c hemical separat ioA . 

Further details about the preparat ion o f  samples and standards as wel l  as 

the irradiat ion are given in re ference 2 1 5 .  

Decomposition and Dist illation 

To flask B are added 1 ml of 1 to 1 H 2 S04 and 1 ml o f  30� H2o 2 • To 

t rap D is added 2 ml of 1 to 10 H2 S04 and to E ,  5 ml o f  6� NaOH . A faint 

st ream o f  air  is no\J maintained through B, C ,  D,  and E. 

The q uartz tuhe with the sample is rfnsed wi th acid and water and 

placed in liquid n i t rogen for a short t ime . The ampoule is then immediate ly 

broken . The samp le is t rans ferred to the d i s t i llat ion f lask , A, care being 

taken that g lass p ieces f rom the b roken tube do not accompany the sampl e .  

Fi f ty micro l i ters of a 4 8 �  Hllr carrie r  solut ion containing SO u g  each o f  

A s  
+s

, H g  
+2

, S b  + s
, and S e  

+ 4  
is then added ;md t he f lask is c losed . I f  non-
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distillable e lements are to be determined simultaneously , further carrier 

additions should be made at this j uncture . 

Throu�h funnel H is now added , with suction , 2 ml of 30 to 334 fuming 

H �0 4. Stopcock I is then closed and G opened , thus maintaining a s low 

st ream of air through t he receiver sys tem. 

The mixture is very careful ly heated wi th a small flame placed a few 

centimeters below the lower end of the glass tube surrounding the dis t i l la­

t ion flask.  This crit ical initial heat ing stage mus t be watched and 

regulated to obtain an even release of gases wi thout excessive spattering 

of material into the flask coi l .  After about 10 minutes the excess of 

so 2 and so 3 has been t ransferred to the receiver.  During the  next 10  minutes , 

heating of the contents o f  f lask A is successively increased to the boiling 

point . The carbonization is then finished by a shor t vigorous boiling of the 

mixture in order to bring down any material spat tered around in t he f lask. 

The heating is then interrupted and the contents  o f  the flask are cooled to 

room temperature by means of a b las t of compressed air (I open , G closed ) . 

One Milliliter  of 30% H2 o2 is added to the flask through tube H. When t he 

react ion has ceased (G open , I c losed ) , the mixture is heated to incipient 

fumes of  S0 3 • Without interrupting the heat ing , the s t raw-yellow solut ion 

is made completely c lear by slowly adding in smal l  drops through tube H about 

0 . 7 5  ml of 30% H2 o2 • Finally , the so lution is cooled to room temperature 

with compressed ai r .  T o  the wet-ashed sample solut ion is added 0 . 5 ml o f  

4 8 %  HBr .  T o  receiver flask B is added 1 ml of 3 0 %  H2 o2 • The addit ions are 

fol lowed by s trong heat ing of the solut ion unt i l  boiling , concent rated H2S0 4 

j us t  begins to d i s t i l l  ( I  c losed , C open) . After cool ing and addi t ion of a 

new port ion of 0 . 5 ml o f  48% HBr to the f lask , the disti llat ion is repeated 

in the same way for a second and a third time . Af ter the third addition 

of HBr the solut ion is heated unt i l  0 . 5  ml of H2 so4 is le f t  in the f lask . 

The distillation procedure is now finished . The 0 . 5 ml o f  H2 S04 

solution remaining in disti llation f lask A contains the greate r part of 

the trace elements present in b iological mat erial . The subdivision o f  
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the distilled t race activit ies as As ,  Dr , llg , · Sb ,  and Se into  four 

different groups is described below . 

Separation o f  Bromine . While maintaining a faint s t ream of air t hrough 

B, C ,  D, and E the contents  of flask B are heated to the boiling point , 

and heat ing is cont inued unt i l  the solut ions in B and D are completely 

colorles s .  This takes 5 to 10 minutes . At this point 9 5  to 99 percent o f  

the Br8 2 activity has been expe lled and q uan t itatively absorbed in trap E .  

Separat ion o f  Antimony, Arsenic , Mercury and Selenium. The t race act ivit ies 

of  ant imony , arsen i c ,  me rcury , and se lenium remaining in f lask B after t he 

volatilization of bromine are subdivided into three d i f f erent groups by 

selective sorpt ion steps in a series of three small anion-exchange columns . 

The separation is pe rformed simultaneously and automat ical ly wit h  a propor-

tioning pump apparatus . The sys tem is schemat ically shown in Figure 52.  

A. 

B.  

D.  

E. 

F. 

Figure 5 2. Scheme of the anion-exchange separat ion sys tem . 
See 1111ge 201 lor copyright ciUition. 

Piston barre l ,  2 8  X 150 mm 

c .  Pis ton barrels , 20 x 150 mm 

5 X 50 nun ,  Dow ex 2 (HS04 - , 200 - 400 mesh) 

7 X 50 nan ,  Dowex 2 (Cl- , 2t 1 - 400 mesh) 

1 8  x 50 mm ( Br- , Cl- , 200 - 400 mesh) 

G. Mixing coils , 5 t urns , 15-mm outer diameter 

H.  Pis ton wi th  rubber stopper 

I .  Perspex p late , 15  mm thick 
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The working princ iple as we ll  as the cons t ruct iona l det a i l s  o f  this  kind of  

machine has been described in reference 2 16 .  

The anion-exchange column , D ,  i s  prepared wi t h  a f ew  mi l l i l i ters of 

3 , 6li H 2SO�,  column g wi t h  4 . 5� HCl , and column F with a mix ture cont aining 

equal vol umes o f  4. 5� IIC l and 487. HBr . The pis ton barre l , A ,  is f i l led with  

48%  HBr  and B wi th  9.!!, I IC l . Barrel C ,  f ina l ly , contains both t he sample 

solut ion and a washing solut ion . The sample solution is prepared by 

add ing to the mixture of the acid d i s t i l late  in rece ive r H and the contents 

o f  t rap D 0 . 2 5  ml of  8!! HC l ,  fol lowed by di lution to  20  ml wi t h  11 20 . Thi s  

so lu t ion , about 3 . Sli i n  H 2 So� and O . lli in HCl , is t ransferred to  barrel C 

above i t s  upper piston ,  H ,  while  the wash ing solut ion cons i s t ing of 10 ml 

of  0 . 1!! HCl occupies the space between the two p i s t ons o f  the barrel . 

Plate I is now forced upwards at a prede termined , constant speed 

correspond ing to the del ive ry of the samp le so lut ion to  co lumn D at a rate 

o f  approximat e ly 1 ml per minute , The amount s  o f  ac id  between the columns , 

inj ected s imul t aneous ly via barrels  A and B ,  make the influent solut ion 

abou t 4 . 5!! in HCl for column E and 2 . 3!! in HCl and 4 . 5!! in HBr for F ,  

respec t ive ly ,  ��en the sample solut ion has been forced out o f  C ,  a small 

glass rod in the bottom o f  the barre l automatically  pushes out the rubber 

stopper in p is ton H ,  thus giving f ree passage for the subsequent washing 

solution. After about 30 minutes the sample and the washing solut ion have 

passed through the sys tem of ion-exchange columns and the machine s t ops . 

After the draining o f  the columns , the resin phases are transferred" to  

polyethylene tubes , homogenized by means of the  corresponding in f luent 

solut ions , and counted wi-th gauma-ray spect rome t ry .  The Br82 activi ty in 

trap E is measured after appropriate di lut ion with water.  Quantitat ive 

results  are obt ained by comparison wit h  the s t andards . 

A peristaltic  pump may also be used for these separat ions . 

The main disadvantage of the present method , and o f  d i s t i l lat ion 

procedures in general , is the d i f ficulty of  int roducing automatized 

operat ions . In the  serial analysis o f  s t rongly irradiated biological 
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samples this is a drawback . owing _to  the high radiat ion levels . among 

other things . Some improvements on the presen t  method along this line 

aight include the fas t dest ruct ion of organic mat ter with Na202 fus ion 

and subsequent dis ti llat ion of bromides f rom acid solut ion with a 

cont inuous s t reaa of dry HBr gas • .  

PROCEDURE 30 .  

Determination of Trace Elements  i n  Stone Meteorites b y  Ac t ivat ion Analysis . 
I .  Selenium . Arsenic . Antimony . Tin 0  and Mercury . 

Source : W. Kies l .  z .  Analyt . Chem. 2 2 7 .  13  (1967) . 

After irradiat ion with thermal neut rons in a reactor . t races of 

selenium .  arsenic .  ant imony . t in .  and mercury are separated from their 

respec tive me teorite or mineral matrices by distillat ion o f  the halides . 

Standards 

Selenium. Anhydrous Na2 Se0 3 (Fluka) was dissolved in water . The Se 

concent ration was determined in two ways : gravimet rically by precipitat ing 

metallic Se with so2 f rom a strongly hydrochloric acid solut ion and by 

iodometric t i t ration in 1 . 5 ! HN0 3 • 

Mercury . Analyt ical grade HgC12 (Merck) was d isso lved in water . slight ly 

acidi fied with HCl . The mercury concent rat ion was determined by adding a 

known excess 0 . 1 � ZnS04 solution . adj us t ing the pH to 10 and back titrating 

with 0 . 1 ! EDTA solut ion us ing Eriochrome Black T as ind icator . 

Arsenic . A weighed amount of As 2o 3 (Merck) was dissolved in NaOH . 

Antimony .  Analytical grade SbC1 3 (Merck) was dissolved in HCl ; i t s  concen-

tration was 
_
determined by t it rat ion with 0 . 1 ! KBr03 • 

Tin . Metal lic t in of a purity of 9 9 . 9995 percen t (Unterharzer Berg-und 

Hut tenwerke GmbH.  Gos lar) was dissolved in HCl which contained sone free 

chlorine . 

Act ivat ion 

Samples and standards were sealed in q uartz ampoules and were 

irradiated for 60 hours in a thermal f l ux of 2 x 10 1 3 neut rons/cm2 sec . 
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Be fore analys is , samples and standards were allowed to cool for 10-15 hour s .  

Separat ion by Dis t i l lat ion 

After  opening t he quartz  ampoules , the s amp les , measured volumes o f  

carrier solution s ,  and 10 ml o f  concent rated H2 SO� were placed i n  an 

all-q uartz d i s t i llat ion apparatus . N i t rogen was passed slowly through the 

apparatus whi le the temperat ure was raised to about 200 
°

C .  Through a 

funne l 20 ml o f  a 3 : 1  mixture of HCl and HBr was added dropwise to the 

sample . The d i s t i l late passed through a condenser and was collected in 

an ice cooled solut i on o f  d i lute HCl in which a few crys tals o f  KBr0 3 had 

been dis solved . After the add it ion of the HCl-HBr mixture was comp lete , 

heat ing was cont inued for another 15-20 minutes or unt i l  so 3 fumes were 

given of f .  Al l vol a t i le components of the s amples now had been volat i l ized 

and were in the d i s t i l late . At t imes metallic  Se  deposi ted in t he condenser . 

In this case , the Se was dissolved by placing a few KBr0 3 crys tals ins ide 

t he d i s t i llat ion head and washing wi t h  7 � HCl . 

Separat ion of Se and As f rom Sb,  Sn , and Hg 

In the d i s t i l late which now has a volume o f  20- 30 ml selenium is  

0 
precipitated wit h  so2 af ter add ing 5 ml o f  7 � HCl and heat ing to 70 c .  

The solution wit h the S e  precipitate is  allowed t o  coo l ,  then Se is  f i l t ered . 

The Se need not be reprecipitated i f  the concent rat ion of Sb and Hg in the 

d i s t i llate is below 10 �g , and the conr.en t rat ion of  Sn below 100 � g .  

The f i l t rate i s  adsorbed o n  Dowex 1-XS . The anion exchange column has an 

i . d .  of 7 millimeters and contains 2 . 5  grams o f  100-200 mesh Dowex 1-XS 

which had been converted to t he chloride form by washing with 7 � HC l .  

Arsenic i s  eluted wit h  3 ! HC l and precipitated a s  As 2s 3 • Ant imony , 

t in and mercury remain adso�bed on t he anion exchanger .  

Separat ion o f  Sb , Sn, and Hg 

Two ion exchange methods for separat ing Sb , Sn , and Hg from each other 

are given be low .  

a .  Ascorb ic Ac id Me thod . The d i s t ribut ion coef fic ient of  S b  as a funct ion 

of  normality  o f  IICl shows a characteri s t i c  minimum of  3 . 5 at 0 . 4 ! HCl in 
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p resence o f  10 percent  ascorbic acid . Thus , Sb is e luted at 0 . 4  ! HCl .  

A t  this molarit y ,  the distri bution coe f ficient o f  Hg i s  not d i f ferent 

f rom tha t  in pure HCl of the s ame acid ity whereas tha t of Sn is d isp laced 

toward lower values . Tin and mercury remain adsorbed . Tin can now be 

eluted wi th 22 ! H3PO� . The dist ribut ion coef ficient for Hg is s t i l l  high 

enough that this element is retained on the column . To elute Sn comp let ely 

f rom the column , about 60-70 ml of 2 2  ! H 3PO� are necessary . The co lumn 

then is washed with 3-4 ml 1 ! HCl to remove H 3PO� . Finally , me rcury is 

eluted wi t h  7 ! HN0 3 .  

The d i sadvant age o f  this  separat ion method i s  that the volume o f  0 . 4  N 

HCl ( 10 percent asco rbic ac id) required to elute Sb is about 130-150 ml.  

S ince the rate  o f  elution should be one  drop in about 4 seconds , the separa­

t ion takes rather lon g .  Furthe rmore , t he elution of  Sn is almos t as t ime 

consuming . 

b .  Arrnonium Fluoride Method . The dist ribut ion coe f f i c ient for Sb can 

be decreased appreciably in NH�F-HC l solut ions over tha t in HCl solut ions , 

hence the vo lume o f  HCl to elute Sb can be reduced to 10 to 15  ml o f  

eluant . The opt imum elut ion cond i t ions are 0 . 4-0. 5 N in HCl in 10 percent 

NH� F .  The d i s t ribut i on coe f f i c ient is 1 . 7 .  Tin is eluted with  22 ! n3ro� 

and Hg with 7 ! IIN0 3 .  

The dependence o f  the d i s t ribut ion coe f f ic ient s for Sb , Sn , and Hg 

on the various e luants used in the two me thods described are su11111arized in 

Figure 5 3 .  A flow chart for the separat ion of As , Sb , Sn , J ig , and Se is 

given in Figure 5 4 .  

PROCEDURE 31 .  
Ac t ivat ion Analysis  o f  �ercury i n  l ligh Puri t y  Bismu t h 

Source : J .  I . Kim an d J .  Hos tc , An.1 l .  Chim. Ac ta  12,, 6 1  ( 1966 ) . 

Dlsp lacemen t o f  me rcurv ions by more elect ro-negat ive meta ls has been 

app l ied  by seve ral  authors . 2 1 7 • 2 1 8 • 2 1 9  
With regard to the sample solut ion ,  
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I I I  10 percent NH�tF 

Phosphoric Acid 
(D determined by 

hatch me thod . 
0 . 05!!_ HCl)  

Figure 5 3 . Dependence o f  distribution coe f ficients  
on  acid  molarity . 

As , Sb , Sn , llg , Se 
7Ji h<.:l [ HBr , II 2 SO �t ]  

50 2 l 
7:-i HN0 3 

2 2 :-l  n 3Po .. Sn 
( 10% ;-.1l�tF)  
10% As corb i c  Acid 
0 , 4.!i IICl 
( 0 ,  51:! HCl) 

71:! liC l 

Figure 54.  Flowchart for t he s eparat ion o f  As , Sb , Sn , hg anc.l Se . 

copper was chosen , since the bismuth mat rix may con tain impur i t ies wh ich are 

more elec t ro-negat ive than copper . Wi th the la t t er ,  only t he more elec t ro-

posit ive elements can be deposi ted , such as mercury , silve r ,  gold , platinum , 

etc . 

The deposit ion can be per formed in hyd rochlori c 2 1 7  or ni t ric acid 

solution ,
2 1 8 •

2 1 9  the lat ter being pre ferable as the forme r  is  rather t ime-

consuming for a complete depos i tion . With nit ric aci d ,  good resul ts  are 
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obtained in the concentration range o f  O . Ql-1 . 5  !• An ac id concent rat ion 

lower than 1 ! favors the deposit ion of undesirable element s  such as ant imony 

and bismuth itse l f ,  whereas a concent rat ion higher than 1 . 5 ! causes a quick 

dissolution of the coppe r .  There fore the use of l . o-1 . 5  ! nitric acid is 

believed to be appropriate . 

Preference was given to copper powder (200 mesh) over metal foils as 

t he surface is larger .  The copper powder was placed on a aicrofiltering 

uni t ,  and t he sample solut ion sucked through t he copper powder at a rate of  

2-3 ml/min . I t  was found tha t one passage gave a complete depos i t ion o f  up 

to 100 mg of mercury on 1 gram of copper .  This procedure was s t ill  insuff iciently 

s elective for the separat ion of  mercury f rom other interfering species as 

gold , s i lver ,  e t c .  The obtained metallic mercury was therefore further 

puri f ied by distillation , the dis t illate being col lected on a s ilver foil . 

Distillat ion 

For the recovery of mercury , amalgamation with  gold or silver foil 

is  of ten used in convent ional analyt ical procedures . 

Accordingly , after the previous separat ioR technique , the copper 

powder was t rans fe rred to a nickel c rucible , inserted in the c ircular 

opening of  an iron p late p laced on an asbes tos board , j us t  large enough 

for the crucible to fit  snugly and protrude by about hal f  its height . Th is 

prevented the f lame from heat ing the upper por t ion . The disc of the s i lver 

foil was cooled by contact with a cylindrical brass condenser , through which 

cold water circulated , a� shown in Figure 5 5 ·  The bottom of  the c rucible was 

0 
_ ., _  ... 

r ...... 
Figure 5 5 · Apparatus for Jig dist illat ion .  1 ,  cooler : made of brass 
(o . d .  · 3 em ,  o . h .  · 5  em) ; 2 , Ag plate (thickness ·o . 05 mm ,  diam .  
• 3  em) ; 3 ,  nickel crucible ( i . d .  ·2 . 7  em , heiRht · 2 . 5 em) ; 4 ,  sample 
deposi ted on coppe r powder (Cu · lg) ; 5, iron crucible-supporter ; 
6 ,  asbes tos . 
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gradua l l y  heated w i t h  a sma l l  bunsen burner , heing care ful  not to overheat . 

To avo id the escape of mercury vapor ,  wh ich  mi ght be due to overheat ing 

a s  we l l  as to l eak age between the s i l ver fo i l  and the cruc i b l e , a c i rcu lar 

i nc i s i on was  made on  the bot tom sur face of the c ondenser , to the edge of 

wh ich  the cruc i b l e  could be mat ched , t h us mak i ng a t i ght j oint . A l l 

port ions of the c ruc i b l e  were read i l y  brought above the boi l ing point o f  

mercury ( 37 5°) whi l e  t h e  s i l ver fo i l w a s  kept at 1 0- 50° . l leat i ng for 30 
minutes was s u ffi c ient to d i s t i l l  a l l the mercury depos i ted on the copper 

powder . The apparatus was then a l l owed to coo l for 1 11 minutes w i thout 

d i s c onnect ing the condense r .  The increase i n  weight o f  the fo i l  was d ue 

to merc ury . 

Before s tart i ng th i s  proc edure , the s amp l e  cont a i n i ng the merc ury 

depos i t ed on the copper g ra i n s  should be was hed w i th a l cohol and e t her , 

other1" i s e  the moi s t ure in the copper grains wi 1 1  condense on the foi 1 and 

cause a poor amalgamat ion . 

The resu l t s  of th i s  procedure were found to be sati s factory i n  accuracy 

and re l i ab i l i ty .  Go ld and s i lver , depos i ted together w i th mercury on the 

copper gra i n s , did not interfer e .  

Experiment a l 

S ampl i ng and I rrad i at i on 

Approx imat e l y  1 g ram s amp les o f  h i gh puri ty b i smuth were taken from 3 

d i fferent k ind s o f  matri ces : cert i fied purity of 99 . 999 percent ( B- 1 )  o f  

unknown b u t  h i gh puri ty ( B- 2 )  and o f  cert i fied purity o f  99 . 999 percent 

( B- 3) .  The s amp l e s  were washed with d i lute n i tric ac id and packed i n  

s ea l ed quart z ampoules . The insides of the quart z  ampou l es were a l so thorough l y  

washed wi th concentrated n i t ri c  ac i d ,  water and a l coho l ,  then dri ed , _  as they 

m i ght contain  merc ury impur i t i e s . 2 1 3 The mercury cont a i ned in the quart z 

woul d not be removed by thi s procedure ; the washing of the inner s ur face 

was on ly �ntended to avo i d  any acc identa l contami nat ion . 
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For the standard , high puri ty mercuric ox ide was used , d isso lved in 

6N nitric ac id and d i l uted to a 1 0  u g/m l ; 1 00 u l  were taken and sea l ed in 

a quart z ampou l e . 

The samp l es were irradiated for 3 days in the BR- 1 reactor at  a flux 

of 4 . 1 0 1 1  n/cm2 /sec . The quartz  ampoules  were p l ac ed in l iquid air  before 

openi ng to condense any mercury vapor that might be formed during 

irrad i at i on .  

Radiochemical  Separation 

P l ace the irradia ted samp l e  in a 150-ml  beaker together wi th  the open 

quart z ampoul e .  Add 18 , 5  mg of mercury carrier ( 1 8 , 5 mg/m l )  and 5 ml of 7N 

nitric acid . Cover wi th a watch g l as s  and disso lve on a hot p l ate by gent l e  

heating . 

Di l ut e  to 30 ml with cold water and trans fer to the reducin� apparatus , 

in  which about 1 gram of  copper powder i s  p laced . Wash the beaker wi th 1 . 4 N 

nitric acid and add to the samp l e  solut ion . Pass the solut ion at a rate of 

2 - 3  m l /minute through the copper powder and repeat this step . Wash the 

copper powder under suc t i on ,  w i th water , a lcohol and ether and careful ly 

trans fer to a nicke l crucib l e  set in  the dis t i l l at ion apparatus . Insert a 

s i l ver foi l between the nicke l crucib le  and the brass condenser , ad j us t  

the crucib l e  and condenser together i n  the c ircular incis ion o n  t h e  bottom 

s urface o f  the condenser,  and t i ghten with  spring holders . App ly i ncreas ­

ing heat to the bottom of the crucib le  during 30 minutes , taking care not 

to overheat . Al l ow to coo l  for 10 minutes wi thout disconnect ing the 

condenser . 

Remove the s i lver foi l ,  wash succes s i vely  w i th al coho l and ether and 

dry in a des i ccator . Weigh the foi l  and pack i n  a thin p lastic bag for 

counting . 

S tandard samp l es are p rocessed by the same technique . 
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Count ing 
Count ing was perfonned with a y- sc inti l lation spectrometer ( 3" x 3" 

Na l  (Tl ) crystal coup l ed to a 400-channel ana lyzer) . For the quanti tat ive 

measurements the photo peak in the 68-77 keV reg ion was sel ected and counted 

for S minutes , s tarting 1 . 5  days after the end of the irradiation .  When 

mount ing the samp l e  on the scint i l l ation detector, the s i lver foi l ,  packed 

in the p lastic  bag , was p laced flat ly ,  the ama lgamated side toward the 

detector . I t  i s  obvious that this way of mounting gave rise to a soaewhat 

better counting e fficiency , s ince the s i lver foi l absorbed the weak-energy 

y-rays , i . e .  ! 15 percent of the 68-77 keV region by 0 . 05 m. si lver foi l .  

Al l the samp les and standards were counted al ternately and results were 

cal culated by comparison of the ob tained data . 

PROCEDURE 32 ,  

Separat ion of Sma l l  Quant i t i es of  Mercury from Gross Amounts o f  Si lver in 
Ni tric Ac id So lution by Disp lacement 

Source : n .  M. Maude and K. L .  l�i l k inson , Ato111ic Energy Research 
Es tab l i shment Report hERE-M 2008 ( 1968) , 

1 .  I ntroduction 

Stab l e  mercury i sotopes as produced by the electro-magnet ic separator , 

are col l ec ted in si lver pockets . These pockets are then leached with s trong 

nitric ac id to give a solut ion conta ining mg quanti ties of the mercury 

isotope together wi th several  gms of si lver . 

A chemical process was required which would quantitat ively separate 

and recover this mercury , the final produc t to  be in the fora of mercury 

metal , or mercuric nitrate so lution . 

2 .  Procedure 

Pure copper turn ings were added to nitric acid soluti ons , of varying 

concentrations , containing the s i lver and mercury mi xture unti l  no further 
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react ion occurred , and subs equent add i t i ons of copper remai ned bri ght . The 

treated solut ion was fi l t ered through a g l ass s inter , and the spongy Cu/Ag/Hg 

al loy washed thorough l y w i th water ,  and then with  aceton e  before sucking dry . 

The dried al l oy was loaded into a quart z tube whi ch was sea led t o  a g l as s 

trap and vacuum l ine vi a a quart z/pyrex graded seal as shown in F i gure 56. 
The apparatus was evacuated , l iquid ni trogen p laced around the g l as s  

t rap , and when the pres sure w a s  down to <1  torr t h e  sys t em was i s o lated 

ARGON 

PYRE X 

\ GRADED 
SEAL 

L I Q U I D  
N IT R OGEN 

CHARGE 

T H E R MOCOUPLE 

Fi�ure 56. Apparatus for he at ing t he Eg/Ag/Cu al loy . 

from the vacu� pump . The charge was then heat ed , the t emperature being 

ra i sed to 700 
°C over a period of several  hours . Mercury was sub l imed in 

the reaction tube j us t  out side  the hot zone o f  the furnac e ,  and was f l amed 

a long the t ube into the co ld trap . When no more mercury was s een to sub l ime , 

the furnac e was removed ,  the rea ction tube a l l owed to coo l , and the apparatus 

s l ow ly l et down to a tmospher i c  pres s ure w i t h  argon , w i th the l iqu i d  n i t rogen 

t rap s t i l l  in  plac e .  A s  soon as t h e  sys t em reached atmospheric pressure , 

the l i quid n i t rogen was removed , and the co ld t rap a l l owed to warm up to 

room t emnera ture , the appara t us b eing open to the atmosphere <luring this  last  

opera t i on via the vacuum tap . The who l e  trap as s emb l y  was  then b roken from 

the quar t z  t ube and the mercury cont ent determ i n ed . 

I n  the natura l mercury t r ia l s , the co l l ec t ed mercury was d i s so lved i n  

n i tric  ac i d  and est ima ted as mercur i c  z i nc th iocyanat e .  I n  the i sotop i c  

mercury runs , t h e  mercury w a s  care fu l l y washed i n t o  a we i g h i n g  hott l e .  After 
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rins ing we l l ,  the bul k of the wash wat er was removed by suction , and the 

final drying done in a P205 desiccator . After wei gh ing to constant weight , 

the i sotop i c  mercury bead was kept under disti l led water . 

This  method was found to give a good separat ion and a good yie ld . 

After s everal succes s ful  experiments with natural mercury it was used for 

the i sotopic  mercury processing . 

The fo l lowing points are very important when carrying out thi s  method : -

(a)  Thorough washing of the Hg/Ag/Cu a l loy unt i l  free from nitrate 

ions . 

(b)  Making sure the a l l oy i s  dry before loading . 

( c )  Heat ing the charge for a suffic ient length of t ime . 

( d )  Heat ing the charge to a suff i c ient ly high tempe rature . Mos t  o f  

t h e  me rcury is  released below 500 °C . but some heat ing is required 

at  700 °C to  remove t he last t races . 

( e )  Leaving t h e  liquid N2 t rap in place when le t t ing t h e  apparat us 

down to atmospheric  pressure . 

Fai lure to observe any one of these condit ions was found t o  give low 

yields . 

PROCEDURE 33 . 

Determination of Mercury Vapor in Air 

Source : L .  Magos , Bri t . J. Industr.  Med . 23 ,  230 ( 1 966) . 

l·lateria l s  and �lethods 

�lcrcuri c acetate-potassium ch loride reagent : 2 . 5  x 10- 4 M mercuric 

acetate and 0 . 25  � potass ium ch l oride in g lass disti l l ed water . Weaker 

so lut ions were prepared by d i l ut ion .  The mercuric acetate was label led with 

H 2 0 3•• . b . h . h . h g solut 1on o ta1ned from t e Rad1oc em1ca l Centre , Amers am . The 

increase in mercury concentrat ion caused by labe l l ing was always l ess  

than 1 . 0 perc ent . 
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Determinat ion of Mercury Concentrat ion in the Solutions 

Excess penici l l amine ( Koch-Light Labs Ltd . )  was added to the samp les , 

and the peni c i l l amine not bound to mercury was determined wi th S . S-d ithio­

bis-2  ( 2-nitrobenzoic ac id) . 

Radioche111ica l  �l�asurements 

O , S  to 2 . 0  ml  of the solut ions were counted in a we l l - shaped Na l 

scinti l lation detector (Detector N664 8) with a sca ler (N6 1 0A ,  Ekco E lec ­

tronics , Ltd . ) , having a count ing e fficiency for Hg2 0 3 of 40 percent with a 

background of 600 counts/ 100 seconds . Speci fic activities  were expressed as 

counts/100 second/JJg llg , The activity of  mercury absorbed by the absorber 

was counted by inserting the absorber into the we l l  of the Na l scint i l lation 

detector . 

Absorber 

The absorbers were Polya l l omer tubes S/8 x 3 inches ( 1 5 . 8  x 76 . 2  mm) 

( Beckman Instruments ,  I nc . ,  Spinco Divis ion)  containing activated hopcal i te 

(Hopkins and Wi l l iams Ltd . , a so l id mixture of copper and manganese oxide , )  

In let and out l et tubes were sterivac polythene cannulae , s i ze 4 ,  bore 2 . 0  mm ,  

COTTON wOOL 

:------ HOPCALITE 

Figure 57.  The absorber.  

wal l thickness O , S  mm (A l len & Hanbury ' s ,  Ltd . ) ,  led through a rubber bung 

with a close but a s l id ing fi t .  The i n l et touched the bottom of the tube  

and i ts  end was cut and sp l ayed ( Fi gure 57 ) . The absorber was fi l led by  
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holding the sp l ayed end of  the in l et cannula fi rmly to the bot tom of the 

tube ; introducing 3 g hopcal i t e ;  covering w ith cotton wool ; and stoppering 

the tube by s l iding the bung down the in let cannul a .  

Saturation of  Air  with Mercury 

The saturat ion system is shown in Figure 58.  Compressed ai r was passed 

through a F l ostat minor ( G .  A .  P laton Ltd . )  to regulate the air flow ;  a 

Rotameter (Rotameter �lanufacturing Co , )  of S- 1 50 ml/min capac i ty to measure 

the air flow and five S O  ml  and one 250 m l .  Qui ckfit  wash bott l es , their 

bottoms covered with meta l l ic mercury ; and a coi l condenser wi th 14 coi l s ,  

every coi l containing one drop let  o f  mercury . 

In  the maj ority of  the experiments saturation was carried out at room 

temperatu�e . I n  some experiments  air was saturated with mercury at room 

0 t emperature in the wash bott les and subsequent l y desaturated at  0 C .  The 

coi l  condenser and a 250 ml gas washi ng bott le  fi l l ed with g lass woo l were 

connected in series and immersed in ice . The outgoing air was pass ed through 

an inverted Quickfi t  s t i rrer guide containing a thermometer wh i ch was 

support ed by a pad of g l as s  woo l and stoppered . (These modi fications are 

not shown in Figure 58.  ) 
At 0 °C the saturated air  was as sumed to contain  2 . 24 IJg  llg per l i ter,  

the concentrat ion used by Thorpe and Marriott ( 1957)  for ca l ibrating ul t ra-

viol et mercury vapor meters . At room temperature mercury concentrations 

were ca lcu l at ed from the s imp l i fied equation : 

IJg llg/ 1 i  ter 200 , 6  X (v ,p . ) X 1 0 6 
760 x (mo l .  vo l . ) ( 1 )  

where 200 , 6 1  i s  the atom weight o f  mercury ; v . p .  i s  the vapor pressure of  

mercury given by the  Handbook of Chemistry and Phys ics ( 1 95 1 )  and mo l .  vo l .  

i s  the mol ar vol ume of mercury at saturati on temperature . Changes in 

atmospheric pressure influence mercury concentration insignificantly  so the 

mol e  volume was not corrected for them . 
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F igure 58.  Detai l s  of the system for produc in� and samp l ing known concen­
t rations of mercury vapor . ( 1 )  F l ostat minor to regul ate  the air  fl ow through 
the saturat ion system ;  ( 2) rotameter to measure the vo l ume of the saturated 
a i r ;  ( 3) Qui ck fi t  wash bot t l es having mercury layer in the bottom ;  ( 4 )  coi l 
condenser having mercury droplets  in the co i l s ;  ( 5 ) rotameter to measure the 
vol ume of  mercury- free a ir ;  (6)  l ead shi e l d ;  (7 ) midget impinger ; ( 8 )  absorber . 

To obta in lower concentrations  the saturated air  was mixed wi th a 

mercury - free a ir  by a Y piece .  Mercury- free air  was  taken froJ1l the 

l aboratory atmosphere by fi l tering i t  through hopca l ite  attached to the 

i n l et of a rotamet er of  o . s-s . o  l i t ers/minute capacity and its flow rate 

was regulated with a Fl ostat . 

�ethod of  Operat ion 

The a i r ,  with or without added mercury , was sucked through a 30 m l  

impi nger containing 20 m l  of reagent and then through one o r  more absorbers . 

The flow rate was 1 l i ter/minute except when stated otherwise . 

11g Cal ibrat i on 

A p las tic  syringe wi th a hori zonta l  tube connected to i t s  eccentri c 

ori fice was used for 11g of cal ibration (see Figure 59 ) . The syringe 

consi s t s  of  an outer cy l inder , an inner cy l i nder , and a p i ston .  The inner 

cyl i nder can be rotated in the outer cy l i nder . When the ori fices of the inner 
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ar.d outer cyl inders conununicat e ,  the pis ton provides the !'leans of adj ust i ng 

the chamber vo l ume and of fi l l ing or �mptyinr. the chamber . The vo lume of 

the inner cy l i nder is  graduated in °C in such a way that when it is  fi l led 

with mercury-saturated air to the mark of the room temperature i t  contains 

1 )Jg mercury vapor . The syringe was made airtight with s i l icon stopcock 

grease ( Edward l l igh VacuUIII , Ltd . ) .  To fi l l  the syringe the hor i zonta l tube 

was connected with the saturating system and 1� i th a water pump giving 75 to 

1 00 m l/minute air  flow .  After two to three minutes ' fl ow to ensure satura-

t ion in the tube the p i ston was s l owly  pul l ed to the correct mark . The 

syringe was then c l osed by turning the inner cy l i nder . The hor i zontal tube 

was disconnected from the saturat ing sys tem and O . S  minutes later from the 

water pump . I t  was connected with the i n l et of the midget imp inger with-

out interrupting the 1 l i t er/minute air  flow .  The syringe was opened by 

turning back the inner cy l inder to the original  pos i t ion and the piston was 

pushed i n .  

The syringe provided a way of introduc ing a sma l l  quant i ty of  mercury 

vapor into the air stream in a high reproducib le  way wi thout the errors 

whi ch may attend mixing two air  streams . I t  was therefore use ful  for 

standardi z ing the apparatus and for invest igat ing those factors upon wh i ch 

the exchange reaction depended . 

�. - : : : : .- _-_-_-_-_-_-_ ·_;. -. : ; : : .: : :.: : . 
0 I I ' i  

1-- - - .  c:::: �1 - : � :  :-: : : : : :  : :  =(: - � ' '  
� = : :- .: : : : : ·. :. ·.-_ ... _._-_L_-_-_· : : 1 

OU-TER CYllNO�R 
PISTON lt:NER CYLINDER 

Figure 59· P l ane (upper sketch) and side v i ew ( lower sketch) of the 
1 . 0  llR cal ihrator . 
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The syringe was a l so designed so that the mercury-saturated air could 

be  produced within it without the use of an external saturating system .  The 

lower part of the syringe ( Figure 59 )  has a re.ovab le  attached container 

which can be fi l led with mercury , and the inner cyl inder has an aperture 

which can be l ined up with thi s  so that the air in t he syringe can become 

saturated .  In 4 0  t o  4 5  minutes 9 8  t o  9 9  percent saturat ion was achi eved . 

Before inj ect ing the saturated air the mercury container was a lways rep laced 

by a sol id stopper to avoid the risk of mercury vapor escaping fro• the 

container through the grease into the air stream due to the negative pressure . 

Disposal o f  Radioactive Waste 

The reagents usua l ly contained l ess than 2 �c/20 ml . Thi s low radio-

activity may be d isposed of as no�l laboratory waste down a s ink . The 

hopca lite  contains much less Hg2 0 3 than the reagent and can be di sposed o f  

a s  noraal solid  waste . 

PROCEDURE 34 . 

Mercury Analysis by Isotopic Dilution 

Source : J .  Ruz icka and J .  Stary , Talanta !. 5 3 5  (1961) . 

This method permits the determinat ion of mercury in amounts of 

-6 - 7 
10 to 10 g/ml with an average precision of t0 . 5  percent and in amounts 

of  10-8 
to 10- g g/ml with an average precision of  t2 . 5  percent . 

Apparatus required : 

Scintillation counter with a wel l-type Nal (Tl ) detector , 

Mechanical shaker , and 

Glass test tubes , 2 5  ml vo lume , with ground s toppers . 
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Chemicals : 

Water,  redistilled , 

Carbon Tet rachloride , analyt ical grade , 

Dithizone , analyt ical grade , 

Sulfuric acid , analyt ical grade , 50 percent and 5 percent solutions , 

puri fied by extraction with a CCl�-dithizone solut ion . 

Radiomercury solution (46 . 9-day Hg2 0 3 ) .  A solut ion o f  a specific  

activi ty of  30  mC/g was diluted to  an  appropriate concentration 

wi th 5 percen t  sul furic acid . 

Procedure 

- 6 - 7 
To 10 ml of the solut ion of non-active mercury ( 10 to 10 g/ml) 

which may contain a large excess of other metals ,  an amount of the same 

order of magnitude of radiomercury is added . To this so lut ion 4 ml of 

50 percent H2 so� and 1 ml of  10 percent NH20H· HC1 are added to reduce 

oxidizing agents , which may be present , and which would decompose dithi­

zone.  The solut ion thus prepared is ext racted by 1 . 5  ml o f  2 x 10- 5 M 

dithizone solut ion in CCl � .  After shaking for lQ-20 minut es wh ich is 

sufficient to reach eq uilibrium , the organic phase is separated , and the 

activity A2 of 1 . 00 ml of the ext ract is measured with  a scinti llation 

counter . At the same time , a solut ion wh ich contains only radiome rcury , 

4 ml of 50 percen t H2 so� solution , 1 ml of a 10 percent NH20H• HCl solution , 

and about 1 . 5  ml of the dithizone solution , is extracted . The activity o f  

1 . 00 m l  of t h i s  extract , A 1 i s  measured i n  the same way . 

The amount of non-active mercury is determined f rom the relation : 

In determining smaller amounts of mercury the same procedure is 

followed , again adding amounts of radiomercury of the same order of magni tude 

and less dithi zone than corresponds to the amount of mercury presen t .  The 

mos t  satisfac tory ratio of act ive and non-act ive mercury is 1 : 1 . Because 
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a more d i lute solution of dithizone i s  used , the solut ion to be analyzed 

should be less acid ; there fore a smaller amount of s ul furic acid {4 ml of 

4 percent H2 SO� solution) is used.  

PROCEDURE 35 . 

Radiometric Determinat ion of Submicrogram Amounts of Mercury 

Source : J. Stary and R.  Hilosevic , Talanta Ji, 521 { 1967 ) . 

The radiomet ric method for the determination of mercury by exchange 

with si lver-110m dithizonate given below permits the determination of as 

- 1 0  lit tle as 5 x 10 grams of mercury/ml . Cold is the only e lement 

interfering seriously .  

Exchange react ions between a metal t o  b e  determined and a complex o f  

another metal wi th lower s tability o r  ext ract ion cons tant are often used 

in analyt ical cheMistry .  Wi t h  the us e of radioisotopes the sensi t ivity 

o f  determinat ions of th is type can be great ly increased . From the ext rac­

tion cons tants of the me tal dithizonate s 2 2 0 , 2 2 1 it follows that s i lver is 

completely exchanged by mercury accord ing to the equilibrium : 

2 Ag l l Om (HDz ) + Hg 2+ � (org) 
Hg {HDz) 2 ( ) + 2 Ag l t om+ org 

Preliminary expe riments  showed that equilibrium for this reac t ion is reached 

within 1 minut e . The amount of mercury present can be found from the 

decrease in the radioact ivity of the s i lver-110m dithizonate in the organic 

phase or from the increase in the radioac t ivi ty of the s ilver-110m cations 

in the aq ueous phase . 

General Procedure 

To 8 ml o f  the test  solution (pH 1-2 ) containing 0 . 01-0 . 10 �g  of mercury , 

and 1 ml of 5 pe rcent urea solution and 1 ml of 10M ace t i c  acid (previously 

purif ied by dithizone · ext rac tion) . Tran s f er the solut ion into a separate 

funnel , and add 1 . 00 ml of 10- 6  tl s i lver-110m dithizonate in carbon tetra-

chloride . 
- 6 The dithizonate solut ion is prepared by shaking 10 tl dithizone 
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solut ion in carbon tetrachloride wi th an excess of silver-110m nit rate 

solution containing 0 . 5  percent of urea and 1 ! acetic acid. Thus prepared , 

and kep t in the dark, the solution i s  s table for at least two days . 

Shake the funnel for 2-3 minutes , t rans fe r  0 . 50 ml of the organic phase into 

an aluminum planchette , evaporate to dryness and measure the activity with 

a Geiger-Muller counte r .  A typical calibration curve is linear an d  has a 

- 8 
s lope of - 1400 cpm silver activity/ 10 g o f  mercury /ml . 

- s For dete rmination of mercury in amounts ten times as great , use 10 � 

s i lver-110m dithizonate . The specific activity o f  si lver-110m avai lable 

permits the dete rminat ion of mercury down to 5 x l0
- 1 0 

g/ml with sufficient 

precision . The method is rather selective ; only palladium , gold , si lver , 

and large amounts of copper and bismut h  interfere , and these must  be removed .  

Procedure in the presence of pal ladium, copper and bismuth 

To 8 ml of  the test solut ion in 2! sulphuric acid , containing 0 . 1- 1 . 0  

� g  of  mercury and 2 0  times a s  much palladium o r  100 t imes a s  much copper and 

bismuth , add 1 ml of 0 . 01� a-hydroxyquinoline solut ion in 10! acetic acid . 

Ext ract palladium (and partially copper and bismuth ) as the 8-hydroxyquinol inate 

several 5 ml por tions of chloroform. To the aqueous phase , s till  containing all 

- 5 
the mercury , add 1 . 00 ml of 10 � s i lver-110m dithizonate in carbon tet ra-

chloride , and test the solution as previous ly described . The amount of mercury 

is found f rom the calibration curve . 

Procedure in the presence of  si lver 

To 8 ml of the test solut ion (pH 1-3 )  containing 10-100 t imes as much 

silver as mercury , add 1 ml of 5 percent urea solution , 1 ml of 10 ! acetic 

acid and 1 . 3 g of  solid sodium ch loride so that  the total concent rat ion of  

chloride ions is now about 12 . 5  pe rcent ) .  Ext ract the mercury quant itat ive ly 

with an excess of dithizone solution in carbon tet rachloride (for 0 . 1-1 . 0  � g  
- s  of mercury u s e  2 . 00 ml of  1 0  J! dithizone solution) , leaving t h e  s i lver 

complete ly in the aqueous phas e .  Trans fer 1 . 00 ml of the organic ext ract 

into another separat ing funne l , and shake it for 2 minutes with  an excess of 

s ilver-110m nitrate solut ion containing 0 . 5  percent of urea and 1 tl acetic 
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acid . Trans fer 0 . 50 ml o f  the organic extract to a planchette , evaporate 

i t  to dryness and measure the act ivi ty wi th a Geiger-Muller counter.  The 

amount of me rcury in the test sample is determined from a calibration curve 

prepared under the same condi t ions as before . 

PROCEDURE 36 . 

S imple and Rapid Determinat ion of Mercury in Urine and Tissues by 
Isotope Exchange 

Source : T. w.  Clarkson and M. R.  Greenwood , Talanta 15 , 547 (1968 ) . 

Princ iple of Met hod 

Current me thods for the determinat ion of mercury in urine and other 

biological materials require that the organic material should be removed 

by chemical oxidat ion , ei ther partially or completely . As has been stressed 

by others , 2 2 2 • 2 2 3 the chie f problem lies in the diges t ion procedure . Too 

vigorous oxidat ion results in losses of mercury by volat i lizat ion , too 

l i t t le leads to incomplete extraction by the complexing agents (e . g . , dithi-

zone) . I f  the chemical oxidant is not complete ly reduced after the diges tion 

procedure othe r  comp l icat ions result .  

The method described here avoids these dif ficul t ies by making use of 

an ent i rely new procedure . Suf fic ient quant it ies of cysteine are added to 

the b iological sample to complex all the mercury presen t .  Trace quantities 

o f  radioactive mercury , Hg2 0 3 , are added , wh ich rapidly equilibrate with 

the non-act ive mercury in t he cyste ine complex. The biological samp le , now 

containing labelled mercury complexed to cysteine , is exposed to non-radio-

active mercury vapor.  A rapid isotop i c  exchange takes place result ing in 

the t rans fer of rad ioact ivity to the vapor phase . Experimental cond it ions 

are adj usted to that the hal f�t ime of the exchange process is d irect ly pro-

portional to the concent rat ion of mercury in the samp le .  
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Experimental  

Reagents 

Cysteine hydrochloride.  Sod ium hydroxide , l . Ott. Sodium chloride , 

0 . 9  percent so lut ion . Oc tyl alcohol . Hg2 0 3 isotope as mercuric nit rate 

at a spec i f ic ac t ivity of approximately 1 mc/mg (Cambridge Nuc lear Co . , 

Cambridge , Mass . ) . 

Apparatus 

The general arrangement of the apparatus is shown schemat ically in 

Figure 60. 

IUIP 

Figure 60. Schematic arrangement  of appara t us .  

Mercury vapor was generated b y  pass ing nitrogen at a flow-rate of  

240 ml/min through a midget  impinger (Gelman Ins trument Co. , Ann Arbor ,  

Michigan Model No . 7202 ) containing a small quan t ity of metal lic mercury. 

The impinger was immersed in water  at 4 5  °C . The vapor was passed through 

a second impinge r conta ining a s imilar amount of metallic mercury but main-

tained at room temperature .  The nit rogen gas emerging from the second 

impinger contained almost the saturat ion level of mercury (20  mg/m3 ) . The 

vapor then passed to the exchange vessel where it b ubbled through the 

aqueous phase containing the radioact ive mercury . The vessel ,  shown in 

Figure 61 , consisted of a vertical pyrex glass tube , length 52 . 5  em, 

internal diameter 1 . 9  em , stoppered at each end by rubber bungs and had a 

nylon inlet-tube (Lab t ician Product s , Hollis , New York , 0 . 096 in . bore , 

0 . 1 2 5  in . outside diameter) extending to the bottom ,  the lower end of the 
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nylon t ube being heat-sealed and perforated with smal l  holes .  A short 

nylon out let-tube passed through the upper rubber stopper.  The issuing 

vapor was passed through a watertrap consisting of  a small d isposable 

plastic test-tube , 12 x 75 mm ( Falcon Plast ics , Cali fornia} and then through 

a s imilar tube containing about a l-inch length of activated Hopcalite .  

The Hopcalite tube was p laced in  a Nai  wel l-crystal to record Hg2 0 3 act ivity . 

The counting equipment consi s ted of a decade counter (Radiati on Ins t rument 

Detect ion Laboratories , Des Plaines , I � l . , Model No . 49-51} , a rate-meter 

( Packard Ins t . ,  Co . , La r.range , Ill . , Hode l  No . 2 80 A} and a pen-recorder 

( Leeds Northrup , Phi ladelphia , Pa . Type G . } .  

_ .M ! ICJit 

I 
I 
l i 
I ! 

II 
I J ( H ANGf 

Ylllll 
Fip,ure 61. The exchange and counting assembly.  

Nit rogen gas was drawn through the sys tem by a small  electric pump 

(Universal Electric Co . ,  Owosso ,  Mich igan , Model No . 3} and the flow-rate 

recorded by a f low-meter ( Brock Ins t .  Co . ,  Hat field , Pa. } .  

Procedure 

Pour 70 ml of urine into a 100-ml graduated cylinder containing 

3 . 15 gram of cysteine hydrochloric and 22 . 5  ml of  l . OM sodium hydroxide . 

Add a trace quant ity of Hg 2 0 3 isotope to give at least 10 , 000 cpm and a 

final mercury concent rat ion o f  10- 8  11· Dilute to the 100-ml mark with 0 . 9  
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percent sodium chloride solut ion and add 1 ml of oc tyl alcohol to prevent 

foaming.  Mix the contents of t he cylinder and pour t hem d irect ly into the 

exchange vess e l .  Start t h e  nit rogen f low (con taining mercury vapor a t  

1 7  mg /m 3 ) a t  a rat e  of  2 4 0  ml/min . Record t h e  radioac t ivity i n  t h e  Hopca l i t e  

absorbent a s  a funct ion o f  t ime and s top t h e  exchange run when the ac t ivity 

in the Hopcalite  has become s teady . At this point all the radioac t ivity in 

the exchange vessel is completely t rans ferred to the Hopcalite ,  so the 

f inal t race on the recorder represents the ini t ial radioac t iv i ty in t he urine , 

and the dif ference between the final pen-recording and the pen-reco rding at  

any given t ime during the exchange run is the amount of ac t ivity remainin� 

in the urine . This value is plotted on semi- log paper (Figure 62 )  against 

t ime and yields a s t raight line from which the half-t ime can be calculat ed , 

The amount of mercury originally present in the urine samp le is calculated 

from the half- t ime by referring to the standard curve . 
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Figure 62. (a) Recorder t racing . (b) Semi-log plot , 

30 36 

The radioactivity remaining in the solution at any t ime was calculated 
from the pen-record ing as descr ibed in the text . 
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To measure the mercury in kidney or live r , 1 gram wet-weight of tissue 

is chopped and homogenized in 0 . 9  percent sodium chloride solution with a 

tissue grinder , made up to a volume of 70 ml with 0 . 9  percent sodium chloride 

solution , and then treated iden t ical ly to the urine sample . 

A s tandard curve is prepared by applyinR above procedure to 0 . 9 percent 

sodium chloride solutions conta ining known amount s  of mercuric chloride in 

- 7 -6 the concentration range 10 to 3 x 10 � and plo t t ing t 1 1 2 against the 

concent rat ion o f  mercury added . 

Di scussion 

Flow of mercury vapor and carrier gas 

As ind icated by theory and confirmed by experiment , the exchange hal f-

t ime is inversely proportional to the vapor fl ow-rate . Thi s  fact al lows 

the exchange hal f- t ime to  be set for any given va lue of the mercury concen-

trat ion .  When deal ing wi th low concentrations of mercury , i t  i s  convenient 

t o  reduce the mercury vapor concentration so that the hal f- t ime fa l l s  with-

in the response t ime of the record ing equipment and yet is not too large to 

make the measurement very t ime-consuming . 

Nitrogen was used as the carrier gas in order to remove oxygen from 

the system .  There were three reasons for this : to prevent format ion of 

any oxide layer over the meta l l ic mercury in the vapor generator ; to prevent 

any oxidati on of cysteine in the exchange vesse l ; to avoid any conversion of 

mercury vapor into mercury ( I I )  ions in the aqueous phase , whi ch is known 

to require oxygen . 2 2� 

I n  the princip le  it is best to make the flow of nitrogen as rapid as 

possib l e  so  that the transi t  t ime of mercury in the plastic tub ing i s  brie f.  

In  pract ice the flow is  l imited by the rate  at wh ich bubb l es w i l l  pass 

through the exchanger without spi l lage or excessive foaming . A fl ow of 

240 ml/min is c lose to the pract ical maximum and thi s requires the use of 

an ant i foaming agent when biological  samp les are being ana lyzed .  
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Cysteine,  0 . 2M, pH 7 . 4  

I n  order t o  measure non-radioact ive mercury present i n  biological �amp l es 

two condit ions had to be  met : first ,  that the non-radioac tive mercury wou ld 

immediately equi l ibrate with trace quantities of  Hg2 0 3 isotope added to 

the samp l e ,  and second that the total mercury in the l ahel led s amp l e  

should b e  converted into one chemical species capabl e  o f  undergoing rapid 

isotope exchange with mercury vapor . The use of the monothiol  compound 

cysteine achieved both cond itions . This  compound was chosen because i t  

had previous ly been shown that mercury comp lexed w i th cysteine underwent 

rapid i sotop i c  exchange with mercury vapor22 5 and that concentrations of 

monothiol  compounds greater than 1 0-2 
� were capab l e  of removing mercury 

from t issue homogenates ; 2 2 6  other monothiol compounds may a lso be used ,  but 

cysteine is the cheapest and most readi ly avai lab l e  commercial ly . 

The pl l of 7 , 4  was used because ·the reaction is not sensit ive to smal l 

fluctuat ions in  pl l in this  region . The exchange rate  is  reduced in acidic 

solutions of cysteine , and , on the other hand , cysteine i s  readi ly oxid ized 

at very high pH va lues . 

Ant i foaming agents 

These are necessary to prevent excessive foaming when urine and tissue 

homogenates are present in the exchange vess el . However , octyl alcoho l 

reduces the exchange rat e .  Comp lete i sotopic  exchange in the exchange vesse l  

i s  indicat ed when the  s lope of the  p lot o f  t 1 12 agains t  [ Hg ]  agrees wi th aq 

the theoretical va lue .  This occurs only with solutions of mercury in sal ine 

or cysteine buffer . In the presence of octy l a lcohol , the s l ope is about 

90 percent of the theoretica l .  However , thi s  s l ope is the same and reproducible 

both with standard solut i ons and biological  samp les . 

The construc tion of the exchange vessel  

Comp l ete isotopic  equi l ibration between vapor and aqueous phases 

was achieved by adj us ting two variab l es : the surface area of  contact 

between the phases was made as l arge as possib l e  by generating smal l bubb l es ,  
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and the aqueous phase was encased in a narrow vert ical tube so that the 

t iae of rise of the bubb les from the bottom to the top of the samp l e  was long . 

The absorpt ion of mercury vapor on hopcal ite 

This material  was chosen because i t  is efficient , absorbent , cheap and 

coamerc ia l ly ava i l ab l e .  When hopcal ite i s  present in the absorbent tube t o  

a depth of 1 inch , a l l  the radioactivity is col l ected in the l ower 25  percent 

of the column. When a second hopca lite  tube was p laced in series with the 

first , no radioact ivity was ever found in the second tub e .  An average of 

98 percent of  the radioactivity removed from the exchange vessel  was recovered 

in the hopc a l i t e .  Smal l losses can occur i f  t h e  p lastic tubing l eading from 

the exchange vessels  is excess ively long or i f  the flow-rate of carrier gas 

is very low . 

P l astic  tubing 

P lastic tubes made from tygon , polyethy lene and ny lon h ave been found 

t o  be equa l ly acceptab l e .  Th e  l ength of  tubing was kept a s  short as pos s ib l e  

to avoid potenti a l  l o s s  of mercury b y  di ffus ion through t h e  plastic o r  by 

adsorption on surfaces of the tubes . 

Vacuum pump 

The purpose o f  tne pump was to  maintain a s l ight ( 1-5  em of water ) 
negat ive pressure throughout t he vessels  and t ubinp, so that , in the event 

o f  a leak , radioactive or s ta b l e  mercu ry would no t be re leaseu into the 

l aborato ry .  A cheap elect rical ly operated pump was used but  a wa t e r  p ump 

is equal ly e f fe c t ive . 

Radioact ive detec t ion and display equipmen t  

The essent ial i t ems a re a Nal (Tl ) gamma detector wi t h  a wel l  large 

enough to accep t the Hopcalite  tube , a sui table tube and a suitab l e  scaler 

to  record the ac tivit y .  The ra te-me t e r  and t h e  recorder a r e  a convenience 

i n  that they al low a graphic  recording of  t ile rate of  bui ld-up of  radio­

activi ty in t h e  Hop c a l i t e  an d can give accurate recording when the exc hanger 

rate i s  rap i d .  Howeve r ,  a manual ins t rument can be used when 1-minute 

counts  are made at app ropr iat e  in terval s ,  b u t  t n e  ha l f- t ime o f  exchange has 
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to be 5 minut es o r  more . I f  t he ve ry low concent rations arc being meas ured 

the hal f-t ime can be adj us ted by lowering the concen t rat ion of me rcury vapor 

and / o r  the rate of f l ow o f  carrier gas . 

Applications an d limi t a t ions 

The great advant age of this t e c hn ique is that it is  bo t h  rap id and 

s imp l e . I t  avoids t he tedious p rocedures involved in t he removal of o rganic 

ma t e r ial f rom b iologica l s amp l e s  by oxidat ion , w i t h  a l l  the at tendan t  

uncertaint ies . This me t hod i s  i d e a l  for checking urine or tissue samp les t o  

see whe ther higher- t h an-normal concen t ra t i ons o f  me rc ury are p resen t , and 

i f  the re has been expos ure to inorgan i c  mercury (vapor or s a l t.) . Howeve r ,  

mercury present i n  urine o r  t issue a s  an organic mercury compound with at 

leas t one covalent l ink with a carbon atom will not undergo rapid isotopic 

exchange , for example the mercurial diure t ics . 

The method has been tested for samples containing 2 . 0  �g or more of 

mercury . The theoret ical l imit to the sensitivity of the method is 

determined by the specific activity of the Hg2 0 3  isotope . With the speci fic 

act ivity commercially ava ilable ( 5  me /g) and very low concentrations of 

the vapor passed through the exchange ves sel , the lower limit of detection 

should be approximately 0 . 025  �g of mercury . 

PROCEDURE 3 7 .  

Spectrophotometric Determinat ion with Dithizone 

This method is adapted from the method of s .  S. Yamamura , Anal . Chern. �. 
1896 ( 1960 ) . 

Source : E. F .  Norton , Chemical Yield Determination in Radiochemistry 
NAS-NS-3111 (1967 ) .  

Reagents : 

HCl - 2,I 

NaCl - solid 

KCl0 3 - solid 

NH�OH - concentrated . 
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EDTA : ammonium chloroacetate buf fer - 0 . 002! EDTA : O . l! 

ammonium chloroacetat e .  Dissolve 4 . 7 g of  chloroacetic  acid 

in about 400 ml of water and adj us t  the pH to 2 . 7  wi th concen­

trated NH�OH .  Add 0 . 37 g of disodium ethylenediamine tetra­

acetate and stir for several hours . Filter,  i f  solution of the 

EDTA is incomplet e ,  and dilute to  500 ml . 

Dithizone - about 1 0  micrograms per 111 in CHC1 3 • Prepare a solution 

containing about 0 . 5  mg of dithizone per ml in CHC13 • This 

solution is stable for at least a month if kept in the 

refrigerator.  Dilute the  concentrated so lution before use to 

give a solution contain ing 10 to 12 micrograiiB of  dithizone per 

ml in CHC1 3 • 

Procedure : 

1 )  Mercury i s  general ly counted as HgS or as Hg2Cl 2 • Transfer the samp le 

to a SO ml beaker . Add 10 a l  of 2� HC 1 and a few crystals  of KC1 0 3 • 

Warm to dissolve the samp l e .  Boi l unt i l  a l l  the C l 2 i s  expel led .  

Di lut e  t o  vol ume wi th water.  

2) Into a SO m l  beaker t ake an al iquot containing less than 20 micrograms 

of l lg ( I I ) . I f  the sample  i s  an acid solut ion of Hg ( I I )  which contains 

no ch loride ,  add about 10  mg of NaCl . Adj ust the pH to  about 3 with 

NH�OH , us ing a pH meter . Trans fer the solut ion to  a stoppered centrifuge 

tube . 

3) Add S ml of EDTA : amaonium chloroacetate buffer . Di lute  to 20 ml with 

water . 

4 )  Add s . o m l  of  d ithi zone solut i on ( 1 0  to 1 2  micrograms per m l ) . 

S) Stopper and shake for l S  seconds . 

6) Centri fuge . Withdraw and discard the aqueous phase us ing a capi l lary 

and suction .  

7 )  Measure the absorbance o f  the CHC 1 3 phase a t  5 1 0  mll i n  a 1 em s toppered 

cel l .  Subtract a blank which has been carried through the procedure 

from s tep 3 .  Prepare a ca l ibration b y  taking known amounts of Hg ( I I )  
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th�ough the procedure from step 2 .  Th e  cal ibration should b e  checked 

for each new d i lution o f  d ithi zone so l ution . 

I nterferences : See Sandel l 2 1 2 pp . 1 58- 1 6 3 .  

Oth�r me thods : 

Hercury can be determined polarographically by meas uring t i t e  d i f fusion 

curr.m t at  a constan t  po tent ial (-0 . 1 vol t s  vs . the saturated calome l 

e lectrode) o f  Hg ( I I )  in lf HCl con taining 0 . 005  percent gela t in .  

Me rcury can also b e  determined b y  atomic absorp t ion . 
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VII I .  APPENDIX I .  

All p resently availab le data on the elut ion behavior o f  mercury ( I I )  

f rom Dowex-1 anion exchangers a s  a func t ion o f  type and concentrat ion of  

the anion are summarized in  Figure 63 . 

The curve marked NH�F refers t o  hydrochloric acid solut ions which 

contain 2 to 10 percent by weight of  NH�F . 2 2 7  The mercury d i s t ribut ion 

data were t aken from reference 101 for the HCl sys tem, from reference 106 

for the HBr sys tem ,  from re ference 108 for the HF sys tem, f rom re ference 111 

for the HN0 3 sys tem,  and from reference 227  for the H3PO� sys tem.  

The elut ion behavior of mercury (II)  from Dowcx-50 cat ion exchangers 

has been summarized in F i�ure 2 3 .  
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