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... . . MASS GPE!CFROMECRXC DETERMINATION OF DEUTERIUM IN WATEi  

A mathod f o r  the determination of deutsrtum in water was necstisary t o  eupport a 
research problem befng ccnducted by wmkb~d of the  Metabolism Unit of RadSohogicd 
Sciences Department (11, The problem %a t o  detsPPlfne ohether or  not prefsrsntial 
re tent ion of hydrogen isotopes (H20, D20, T20) takes place i n  v a ~ l o m  ergan tfeeUO8 
of mice. This requiree a precise determination of the concentrations 3f pratim, 
deuterium, and tritium oxfdes, wZF& are ?resent in Vne mzer samples obtabed by 
dehydrating the required tisauee. 

* 

The method developed and described i n  t h i s  report i e  eui table  for precision deter- 
mfnationrr of deuterium oxide in prot9,lilP oxide f o r  concentrations ranging from 0.01 
t o  99.9 mole per cent D20. 
enough t o  be detected on the mes spectrometer. 

T r i t i u m  oxide interfareti if its eoneentratfoI? is high 

Direct analyeis of water smplee in the mas8 spectrometer I s  unsatiefactpry because 
the adsorption and retent ion of water on the surfaces of the  analyzer assembly cau8e 
cross contamination of tmmplea. 
e i the r  converted t o  hydrogen or equilibrated with hydrogen t o  obtain a gaseou  eample 
having the same isotopic ecmpoeition, or one related t o  t h a t  of the water sample by 
knm lawe, 

To prevent thfs cross contamfnatfon, the water f6 

@ 
The gas is then analyzed f o r  protium and deuterium. 

Various methods fo r  obtaining the  hy?lrogen sample are described in the l i terature 
(2, 3, 4). 
act ive metal, such as caleiwn or zinc, is posaible. 
method ie the extreme care neGeeearyto fasure reduction of the  e n t i r e  sample to 
molecular hqdrogen 80 that  no f ract ionat ion can take place. Another method f s  one 
in whfch hydragen or  deuterium gas I s  twluilfbrated v l t h  the  liquid eample and a l l -  
quote of t h i s  gas analyzed for ieotopfc ~ompoeition, 
the one cRoeen for t h i s  work. 

Direct reduction af the  water to hydrogen gas by e lec t ro lys i s ,  OP by 89 
The main objection t o  thie 

Thfa equi l ibrat ion method was 

THE I9&uTXBRATI0I METE03 FOR PREPARI2JG THE GAS SAMFIE3 

The wui l ib ra t lon  requires the  introduction of a hydrogen atmoephere i n t o  the vapor 
phase above the  water ample [a@, EQO, D20) and an interchange of gaeeous hydrogen 
wfth the hydrogen lsotopee fn the  vapor u n t i l  a dynemic equilibrium i e  attained. 
F h e h e r  and Potter  (4) derived a general lsquation for the  mole per cent of deuterium 
i n  water in terms of the  concentration of D2, HD, and E2 in the equilibrated gas. 
25'C9 thf6 1 8 :  

A t  

This e q u a t h n  may be fur ther  efmpl%fied f o r  eamples having low deuterium concentra- 
t ions,  in %hich event prac t ica l ly  all of the deuterium will be found i n  the ED 
malaeuPesq therefore, the cortr ibut ion from p2 molecule8 is nsgPfgibE6 
in& equatioc a@lee far low concentrations of deuterium: 

I 
'd The follow- 



194 8 
Mole per cent D i n  water I e 

194 8 
Mole per cent D i n  water I e 

... , 1 

DETEFMIRATION OF THE LSEOPIS CDNCXNTFUTLIIHS OF THE GAS 

This method of measuring the feotap0,z concentrations may, of course, be csed for 84' 

pratium, deuterium mfxtur8, bnt the eomenta here w i l l  be confined t o  the gee sample 
obtained f m m  the equilibration method. 

The protium deuterium dxtl ipe ma$ be aeaeured conveniently on em ieotope r a t i o  W S  
epctranmter. 
system, has been employed for the analpee reported herein. 
f a  designed t o  give optbum paPfsPPasnue *en canparing an m/e  value of k5 with an 
m/e value of 44, it is adagtable t o  r a t i o  meamr8ments a t  other m/e values by using 
a reference voltage, which may be Bet equal t o  the output voltage produced by the 
isotope of higheet concentratfan. 
a n a l p i e  are m/e a 3 t o  m/s P 2 and m/e I 4 t o  m/e P 2. 

A ConeoBfdatsd-lisr Model 21-281, which uses a viscoue leak gas in l e t  
Although the instrument 

The  mas^ r a t io s  used i n  a hydrogen-deuterium 

In the  interpretat ion of the ieotope r a t i o  data, cer ta in  corrections muet be made. 
Coaeideratfon must be g i n a  to: 

1. Contributions t o  the 3 peak by other ions. 
2, Contributions t o  the 2 peak by D2". 
3, Mass discrimfnation in the gas flaw. 
4. Water vapor contaminatiun of the spectnneter .  
5. Hydrogen memory betveen amples. 

There w i l l  be contributiona t o  the a/e m 3 peak from two sources: 
the water used i n  the expe~imenta, and 2) the formation of B3+ ions i n  the analyzer. 
The first contribution t o  the 3 peak is  determined by running sui table  "blanks" on 
the water used in the analyses. The formation of E3+ is due, presumably, t o  col- 
Pison of an ion with a neutral  molecule (2H2+ + H2 + 2H3+) e The concentration 
~f ths 83' fs proportional t o  the equare of the pressure of the gas in the  region of 
ionization, whereas the concentration of the HD+ is proportional t o  the pressure; 
hence, the  contrfbutzons t o  the m/e I 3 peak may be determined empirically from a 
plot of preseura vsr, magnitude of the  3 peak covering the desired range of i n l e t  
?res~'ilm~. 
calibration, In th i8  work with low deuterium samples, the e f f ec t  is negligible. 

1 )  the BD from 

The contribution of D2* t o  the m/e I 2 peak can be determined by proper 

Since the flow of gae in the rsgion of ionization in the spectrometer is moleculsr, 
a mas8 correction must be applied t o  the r a t io s  t o  correct for differetnces in pump- 
h g  rated of gases away from the region of ionization. 
correction from theory has been confirmd by experimental wrk .  

The calculation of t h i s  

The presence of water VEPOF in the spectrometer presents an added problem i n  t h a t  
exeesrefm memory ef fec ts  a m  produced and di lut ion of the sample by the  vater vapor 
reaulte. "herefpore, it fs important t o  carefully freeze out the vater  in the  gas 
mmplss QugVt pr ior  t o  the analyeis. 
of the Inflrogaa isotopes 03 the mlltp of the analyzer which produce eignificant 
(?rmW8 %a subsequent analyses i-' the  ieotope r a t i o  of the adsorbed hydrogen differs 
frmn that  UP the ssamplcs b e h g  analp9sd. 

Them are  a l so  memory e f f ec t s  due t o  adeorption 

Other eourcea of error are c i r cu i t  d r i f t  



and a i r  contamination, both of which can be mixice negligible by careful  attent4,on 

i 

t o  
technical  de ta i l s .  

Equilibration Time - Studiee 

Before the  procedure could be etmpletedy developed, it wae necessary t o  WcsPtdn 
the  length of t i m e  t h e  sample should be equilibrated. The U B ~  of a catalyet,  such 
as platinum oxide, ME found t o  be neseseary, and Smith, Hutchineon, and Judson 
(Ref. 3, p. 206) have shown t h a t  the  addition of 6 paptizing agent and ~ltrakfng the  
sample during the  equi l ibrat ion both tend t o  increase the rate of eWBibratFon. 
The addition of a peptizing agent, such as aa l e i c  anhydride, keeps the platinum 
oxide Fn suspension f o r  longer periods of t i m e ,  and thue h8Stens the attainment of 
equilfbrium. 
three hours YBI selected f o r  analysis in t h i s  low D20 range. 

The data  i n  Table I substantiate th ie .  A n  equi l ibrat ion period of 

TABLE I 

EQUIIJBWlION T P E  OF A S T m  WATER SAMPLE 
MADE UP TO 0.18 HOLE $ DE[ITERIUM WlTTH COLUMBIA RrVW WATER AND D$ 

T h O  Mole Deuterium Method 

Shakin& with peptizing 
rt W 

1 hr. 30 min. 0161 
2 " 3 0 "  185 n 

Bo shaking, no peptizing 
P( If W 

l n 4 0 n  0 079 

3 " 4 0 "  0 1'78 
n 

n 

n W 

W n n 
2 40 I' . 174 

W 4 " 1 5 "  . 187 I t  

Graphical Method 

A series of standard water sremplee were =de up using Columbia River water and D20 
(furnfehed by the  Biological Research group), covering the range of deuterium con- 
centrations expected in the  *&- (O.Ol, 0.02, 0.05, 0.10, 0.20, Oo50p 1.00, and 
2.00 mole per cent). 

deuterium. 
v i t h  CoPPPmbfa River water and analyzing the  gas, 
tione t o  the r a t i o  of the  3 peak t o  2 peak from t he  deuterium in t h e  natural  vator 
and H3+ vas determined empirically t o  be 0.006410 a t  an inlet preemre yielding a 
15 volt 2 peak. 
tain 9706 mole per cent deuterium. 
andyser, giviag the  f ac to r  which may be used in computing t h e  mole p r  Cent of 
deuterium in a sample. 

These samples wen equilibrated With hydrogen, and the gae 
, YBB analyzed t o  obtain a working curve of the  3 peak/2 peak r a t i o  vs. mole per c%nt 

'the zero intepeept of t h i s  plot wae confirmed by equi l ibrat ing hydrogen 
Thua, the  correction for contribu- 

I 

The D@ vae analyzed 'sy the  equi l ibrat ion method and found t o  con- 
Table I1 is a tabulat ion of the  standards i. 
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st* M d E B  b 
D$ Added VtP.  of Sample Factor 

0.00974 
n 

1.90s 
W 

0 0 5  
1.0 
1.0 
0.5 
L O O  

0 .=I 

1'0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 
10 0 
1.0 

Ave . f 11.P 

*Error af a single measurement, 9 9  confidence level. 

CaPculat ions 

Sampler should be run in the order of increasing deuterium concentr~~t ionr  and vi th  
ea& series of unknoMs analyzed, a standwa of approximately the saw3 concentration 
m e t  be equilibrated and analyzed. The reproducibility of the standard 1s a measure 
of the accuracy of the  enalysis based on the standard. 
group antiefpatee analyzing the pro-injection eolution pr ior  t o  the enelpee Of the 
eohtionar obtained from the variaue organa of the  animal, it i s  not necer8arythat  
an abarolute d u e  be obtained, The graphical. method cazl be made as accurate as  the 
etsadards which make up the standard c u m ,  and the following mathematical check 1s 
msde on each ssr iea  of unknowns using the standard vhich 1s analyzed vith t h i s  ser ies  
to asscertain the  va l id i ty  of the r e su l t s  obtained: 

Since the  BiolQgied. Research 

sole per cent DgO in standard 
I 149.2 f n . 2 .  

r a t i o  3 pak/2 peak of etarratd - r a t i o  3 peak/2 peak of water 

The value obtained i n  the &am check must conform t o  the established value within 
5 PL.2 ,  which is the greciBion (9* confidenee l W t e )  ae detsrmlned i n  this  ex- 
.L)esfrplunted work. 
and =other etandard cheok d e r .  
@e, wl,tR the uaim equation. 

If the  check i e  out af control, the eample must be re-snslyzed 
Calculations of per cent deuterium i n  bsmpleo are 
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The an&zer tube m e t  be b a k d  fop a 30-minute period prier t o  the ana lpfe  of a 
series of ssmplas t o  reduce the m~nmpy effect t o  an dOWab18 level; far t h i s  
reemn) d 6 0 9  the samples m e  euld.p&d tu aezendfq val:tee of coneen+,- ,,a.hrn. 
the l imited  rimiber of anslym~ made on s t m & d s  and tmlmam4 to date, thu pmcfsion 
limit8 tabulated in Table 111 vert) obtained. 

FFW 

-I 

TABLE I11 

General Equation Method 

The following equations exprewls the corrected r a t io s  of concentrations i n  the gae- 
eoue phaee whom (H2)9 etc , ,  represent mole per cent i n  that  phase. 

3 peak LIE& 

c3 
(I) Corrected (HD)/(H2) ratio m fm[( 2 peak ) sample - ( 2 ) water 1 

I ..'tJ 

where f3 I 0,742 and bm ?I 0.865 are the factors  for De end HD determined 
2 

f o r  the mass spectrometer. 

The re t fos  in equation (1) may be subtracted d i r ec t ly  because the hydrogen pressure 
is kept eonstant f o r  a l l  analysles. 

The corrected valuee are then inserted into the general equation t o  give t h e  con- 
centration in the aqueous Dhabe, 

Procedure 

Place the eample of arater consfeting of Oog t o  5 ml. in 8 30 ml. equilibration 
f la sk .  
gae ths &ample by freezing it fn a dry kes bath and then evacuating the f lask.  
3e-mlal t  the ample  srad then repeat tha outgassing proc3dure et least twice. F * h -  
a l l y  sdd dry hydrogen gas t o  the  f l a s k  to approxhtely a tmosphe~c  pressurn and 
a l l o w  tha s a p l a  t o  eqrllfbrats a t  a contfstenzt temperature of 25.C vfth continuous 
B h & h q  for ct leaklt thee hours. 

Add 6 mg. of dry platinum oxide and 2 mg. of dry maleic anhydride and out- 

L 

A f t e r  equflibratfon, a t t sch  the flask t o  the 

I 1 0 1 5 8 4  



i 

mass spectrometer manif'clld, freszs the water wlth a dry i ce  bath, and inmediately 
admit a portion of t5e gas t o  the manifold, sdJustirrg t o  a constant i n h t  hydrOgen 
pressure, a8 rsaa on +,Be output meter. Ykimure the  312 and k/2 ratios according 
t o  the standard operating p~occudurs for the  Comolidatsd-Nier Isratope r a t i o  mael 
spectrometer, as outlined +a the O p e r s t m 9 8  Manusl. For samples c a t a 4 b l n g  more 
than 3.0 mole per cent deuterium, c a l w i a t o  the concentration using the general 
equat ton . 

For samples containing lese than 3.0 mole per cent deuterium, use the graphical 
method t o  calculate resu l t s .  
r a t i o  a d  use only the 3/2 peak ra t io .  ]Run three s l lquots  of the  sample and a 
etendard sample containlag apprarfmately the same deuterium Concentration a B  the  
samplo sfmultaneously. The maximum deviation of the  three measured ra t ioa  (cor- 
raeted f o r  water blank) m e t  not be more than f 7'$ of the average. 

In thfe ease , omit the determination of the 4/2 ?Oak 
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