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A STUDY OF THE HYDROGEN-DEUTERIUM EXCHANGE .IN 

THE HETEROGENEOUS PHASE THROUGH ION EXCHANGES 

[Following is a translation of an article by Piroska 
Csanyi Fodorne in Magyar Kemiai Folyoirat (Hungarian 
Chemical Periodical], Vol LXIV, No ll, Budapest, 1958-, 
pages U17-U28.] 

I, Cation Exchange 

Isotope exchange reactions are chemical processes in which a 
macroscopic change takes place in two or more molecular types containing 
atoms of the same element as a result of isotope-distribution atomic 
exchangesc Because the isotopes are chemically identical the thermal 
effects connected with these processes are negligably small (. /JH ^0)j 
thus the free entalpia drop accompanying such an automatic process 
essentially is caused by the increase in conf igurational entropy: 

AG--TA s 

Many exchange reactions between hydrogen and deuterium atoms 
in a heterogeneous system are known. For example, exchange occurs ^ 
between deuterium oxide and the carboxyl hydrogen atoms of sulphuric 
acid, acetic acid, and succinic acid, and the hydroxyl hydrogen atoms 
of sodium hydroxide, sucrose, ethanol, phenol and hydroquinone« 
[J-US Atomic Energy Commission NBS-U611, 1956, page 80,* NB3^67U, 1956, 
page 25, NB5-U712, 1956, page 18,] Exchange experiments have shown 
that those hydrogen atoms may be exchanged directly with deuterium 
which have ionic bonds, or the bonds of which may form ionic bonds 
(such as in the case of keto-enol tautomerism). The exchange of hydrogen 
atoms in covalent bonds is very slow, or does not occur at all« 

An interesting instance of the hydrogen»deuterium exchange 
reaction is the exchange which occurs in the heterogeneous phase, 
because investigation of this exchange may provide valuable information 
on the heterogeneous systema 

We intended to utilize the hydrogen-deuterium exchange between 
ion-exchange resin and deuterium oxide for the purpose of investigation 
of the ion exchange mechanism and for the performance of preliminary 
studies of reactions catalyzed by ion-»exchangers, using deuterium and 
tritium indicators» Without a doubt direct exchange between the resin 
and water plays a role in the latter reaction to the extent that 
separate acknowledgement of this partial process appears absolutely 
necessary. 



Ion-exchange resins are synthetic polymers consisting of network 
layers held together by cross-bonds, and containing active exchange 
groups (phenolic, sulphonic acid or carboxylic groups). 

The layered structure makes them pervious with:respect to 
solution, and the cross-bonds provide mechanical strength and 
insolubility« When the resin comes in contact with an "aqueous 
solution it absorbs water, thus the cations of the solution may 
diffuse into the pores and the acidic hydrogenof the active groups 
may exchange with other cations* The exchange reaction may be 
represented by the following equation: 

Mn+ + nRH ^Tf iyi + nH 

Kn+ represents the cation in solution, and R.represents the insoluble 
anionic portion of the resin« Exchange reactions reach equilibrium 
slowly because the diffusion of the ions toward and away 3 from the 
acid groups is a slow process. The activity of a resin; with respect 
to various ions increases with an increase in the ion saturation, and 
decreases with an increase in the radius; of the hydrated ion»2 [z 0« 
Samuelson: Ion Exchangersin Analytical Chemistry* John Wiley Sons, 
New York, 1952, page 3>«T According to decreasing activity* we have: 
TbM+ > La3+ >Ba2+ >Cs*, or Cs+> Rb+ > K+ >Wa^ 7Ht^Li*. 

Experiments 
The exchange of acidic hydrogen atoms of cation exchangers were 

investigated in an aqueous solution of deuterium oxide. The following 
cation-exchanger resins were studied: Amberlite,IR«-120 and Amber lite 
IRC-5>0« The significant data' ©f; the resins are; shown .in Table 1*3 
[3 F. C. 'Wachöd and J. Schubert: Ion Exchange Technology, Academic 
Press, Inc. Publishers, New York,19£6> page 2U»] 

TABIE 1 

Significant Data of Resins 

Name Composition Manu- Experimental Total High- Useable 
fact» Capacity, mckv/g  est   Range, 
urer8s .:  ■^-.i-.r.p \:-.-.;.■/ 
Spec- nijj^cir,-.'. m^v ;=... 
ifica— 
tion of 20 71,5 80 90, 
Capacity CO CO : Co CO 
mckv/g .' • . ;L 

Util- 
izable 
Temp- 
erature 

Amberlite Sulphonic Acid     lu 9-5.0 U.2 k»,2   U.2   iu2 
IR-120     Polystyrol 

Amberlite Carboxilic« 10,0   10,0 lOoO 9.2   8.1 

121 C° 

121 C° 
IRC-50   Polyacrylic Acid 

•temperature refers to the sodium salt of the resin. 
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The exchange reactions were allowed to proceed under static 
conditions, using the same mass ratio of resin to deuterium oxide« 
The resins were pulverized and divided into three size fractions 
with series-sifting: 0e6 to 0.U5 mm, OM to 0.35 mm, and 0.1 to 
0.06 mm* The separated fractions then were activated with lO percent 
sulphuric acid for two hours, to remove any cations which may be 
present« After washing to remove sulphate ions the resin was dried 
in air0 Each resin portion was used only once, A 2-grara sample of 
each air-dry fraction was weighed out, shaken for the desired length 
of time with 50 g deuterium oxise aqueous solution, the resis was 
filtered and the change in deuterium oxide concentration in the residue 
was determined0 In the experiments described in the present report 
the starting concentration of deuterium in the solution was 11.39^ 
mol-56 in all cases (the results of a series of tests with higher concen- 
trations will be reported later), which showed a change of several 
hundredths of a percent, at the most, during the course of the exchange 
(Tables 2 to 5)« Thus the exchanges took place in a medium of practically 
constant concentration, but the changes still were sufficiently large to 
ensure adequate measuremental accuracy (see below), 

TABLE 2 

Exchange Capacity as a Function of Type of Resin 
Starting concentration of solution 1J.«3925>«00C£ mol-S? D2(Y0)| 

71«! C°; 2 g resin + 50 g solution: pj, * 6.0; rQ » 0.6 
. to Gjjj$ mm grain size 

A •» Amberlite TR-120   B »Amberlite IRO50 

Agita- Decrease in  Decrease in Quantity of 
tion  Solution Con* Deuterium Deuterium     _ 
Time  centration.  Content of Bound on .. XD » JD X»D » -_u 

A  Y +0«5   Solution the.Resin     mR    % 
'-!-      (ÄY)mol- (raD) 

$+0.0005 mckv/g 
A B A" B ABABA 

1 hour   7,9 lid 0o007U C0103 Oc202 0,282 0»0U8. 0.0282 0.0161 
?    H      l5ol 21.7 OoOlUO 0,0201 Oo38U Oe55l 0.091- 0.01,51 0„030U 
3   «      17.9 23*6 O0OI66 0.0219 00U55 0o600 0.108 0.0600 0o036l 
K   «      17o8 25.1 0.0165 0.0233 O.U52 O0639 0.107 0.0639 0.0359 
6   «      18.0 25.6 0o0l67 0.0237 0,158 0.650 0o109 0o0650 O*03o3 

TABLE 2 (right side) 

a a« 

ABA 

6 hours  0.953 0.5U2 0.293 
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The exchange capacity of the resins were investigated as a function 
of the temperature (60,, 71=5, 80 and 90 C°), the ^ of the solution (1.0 
to 6.0), and the grain size of the resin (r0 ■' 0C6 to 0.1*5 mm, 0,1* to 
0o5, and 0,1 to 0.06 mm radius fractions). The exchange occurring in 
the 11.392 mol-% starting solution was taken as the standard at 71=5 C°, 
pjj 6o0 and with the 0.6 to 0.1i5mm radius fraction. (The pH 6 level 
derives from carbon dioxide dissolved in distilled water») 

Determination of the speed of absorption of deuterium by the 
resin and of the end value, which were the goal of the experiment, 
theoretically are attainable in two ways s 

(a) the direct method, according to which the deuterium content 
of the resin and solution are determined separately at given points of 
time, or 

(b) the indirect method, according to which the deuterium con- 
centration of the solution only is determined before and after exchange, 
or at the extreme phases of the process. The quantity of deuterium 
which has migrated to the resin may be calculated from the difference 
between the two concentrations„ Because the direct method would have 
been very difficult in our experiments (the water produced during burning 
away of the resin would have had to be analyzed), the deuterium absorption 
by the resin was traced through measurement of the concentration of 
deuterium in solution« 

Determination of the Deuterium Content 
The deuterium content of the water was determined by concentration 

measurement based on the familiar suspension method at 25 degrees 
Centigrade, with 0.005 C° accuracy.1* [** Ko Czike and P. F. Csanyis 
Magy, Kern. Fclyoirat (Magyar Kemiai Folyoirat — Hungarian Chemical 
Journal), Wo 61, 1955, page 385. J The suspension material used in the 
concentration measurements was selected to be suspended in deuterium 
oxide solution of the starting concentration level used in the experi- 
ments, at 25 C°. The D20 mol~$ may be calculated from the concen- 
tration by the following method«^ [5 I. Kirshenbaum: Physical Properties 
and Analysis of Heavy Water, McGraw-Hill Book Company, Inc., New York, 
1951, page lU.] 

Assuming that in H20 - D20 mixtures the molecular volumes (V*i 
and V2) are additive, for the sample concentration of D20 in an W 
molecular fraction may be written as follows (Mi and M2 are molecular 
weights)? 

(1-M) Mx + »2 
d s (l-N) Vx + MV2 

If the concentration of pure H20 (deuterium oxide-free water) is d^ 
and the D20 concentration is d2, then; 

Mi M2 
Vi Br  and V9 = T" dl      d      d2 

- 11 - 



Substituting these values and solving the equation for N, after the 
appropriate manipulations we arrive at the following expression: 

a Ad 
11 "l-bA d 

xjhere 

d B d B d| a » *———  M2di 

M2di(«S2-
dl)-     dg -dr 

The numerical values to be substituted ares Mi * 18*01571 and Mo a 

20.02836s' at 2$ C°: dx =0,99706 g/ml (protium oxide is 16 * .10-6 
density units lighter than normal water) and do. « 1*10^1 g/ml» Thus: . 

a > 9«2735 and b* 0*0329 

or expressing the deuterium. content in mol percentage (Y) instead of .. 
mol fractions 

Y_ 927*3* £d fl, 
1 - 0.0329Ad K J 

In our experiments the 11.392 mo,l?# solution was the standard, and the 
concentration changes which took place with respect to this value are 
prasented in the customary ' •Tfr-units.- (iSf. - 10-6 density units). 
Because the reduction Sn .concentration of deuterium oxide solution 
(reduction in density) as a result of exchange is only a f ew hundredths 
of one mol percent (several hundred-thousandths of a density unit), the 
second member of the numerator in equation (1) is negligable with 
respect to unity« According to the above the appropriate changes in 
mol numbers, are as follows? 

f    ■ ■        ■ • •-•■■■ 

AY - 9.2735 "• 10"^ AY 

The solutions were prepared for determinationsi by alkylizing 
the organic materials dissolved out of the resiri by boiling with KMnOh, 
and then distilling twice. The deuterium content of the main solution 
was determined by this method also« 

In the case of hydrochloric acid and sulphuric acid solutions, 
because exchange takes place between the acids and the deuterium oxide, 
it is essential that the hydrogen atoms of the hydrochloric and 
sulphuric acids also are included in the solution to be determ£ned0 
Because of this the solutions were exposed to dessicated magnesium ': 

carbonate and distilled until dry» All data are the averages of three 
parallel experiments. 
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Bsterraination of the Total Exchange Capacity of the Resin 
The total ion-exchange capacity of the resins was determined 

by the addition of more n/lG NaCH solution than the manufacturer's 
specification of capacity at the given temperature, Allowing a 
sufficient time for the hydrogen atoms of the cation exchangers to be 
exchanged with sodium ions, the resin sample was filtered and 
thoroughly washed with distilled water, and the excess alkali regaining 
in solution x*as back-titrated with n/10 HC1„ The quantity of Ua ions 
bound by the resin, related to the weight unit, is the capacity of the 
resin (tnF), which it is customary to express in milliequivalents 
(mckv/g) '(multiplication of the equivalent value by the Avogardo number 
gives the number of active places of the res in) „■u [ -W« F. Libby: 
J. Chem« Physo, Wo 11, 19U3, page lOlo] 

Hydrogen-Deuterium Exchange Capacity as a Function of the Active Groups 
of the Resin  "° 
""  '^Comparison of the H-D exchange capacity of the two cation exchangers 
under standard conditions (Table 2, Figure 1) shows that the exchange 
capacity of Amberlite IRS-50 is greater than that of Amberlite IR-120,, 
However, when the quantity of deuterium bound on the resin (mD) is 
converted to unit ion exchange capacity, the above order is changed, 
and the deuterium mol fraction    m. of the greater-capacity Amberlite 

mji . 

IRC-50 is smaller than that of Amberlite IR-120ä The reason for this 
probably is the fact that although sulphonic acid resins form a 
completely dissociated internal solution, according to the neutrali- 
zation curve dissociation is very slight in the carboxylic resin, 
similar to the case of small-molecular, weak acids»0 L R« Griessbachs 
Ausbauschadsorption in Theorie und Praxis (Exchange Adsorption in 
Theory and Practice), Akademie-Verlag, Berlin, 1957, page 278*] 

Comparison of the exchange speed shows that the speed of exchange 
on the sulphonic acid resin is greater than on the carboxylic resin. 
Amberlite IR-120 reaches its end value in three hours, while it takes 
Amberlite IRC-50 four hours to reach the end point« 

The H-D Exchange Capacity as a Function of Temperature 
Temperature generally has a small effect upon the end values of 

ion exchange, with exceptions to this rule in the case of neutrali- 
zation reactions« The effect of temperature depends upon the change 
which occurs in the dissociation of the solutions and in the swollen 
condition of the exchanger. As a result of these two effects the 
quantity of exchanged, ions may increase with an increase in temperature« 
If active groups are split off from the resin with an increase in 
temperature, an increase in temperature has an opposite effect upon the 
exchangeo 
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Temperature, has a significant effect upon the speed of exchange 
if the process requires thermal activation^ W if diffusion is the 
speed-determining step, intrespect to the c;h^micaj. reaction of exchange. 

At 20 CPthereis nöomeasurable exchange between the investigated ; 
cation exchangers and deuterium oxidey and 'this occurs only at higher 
temperatures. This-uneapiyocahly indicates that the H-D is an energy- 
limited process*■■': FiirthermoreVhoweveri in: the case of Amberlite IR-120 
the apparent exchange capacity measured at:90 Co is greater than-at 
71.5» C° (see he low, -with respect toAmberlite URC-^O), or a similar 
phenomenon is detected, such as is commonly lenown in connection with the 
activated adsorption of gasest the exchange capacity increases w ith an 
increase in temperature. At the same time, however, :the dissociation of 
deuterium oxide also increases, and the difftision of deuterium-containing 
hydroxonium ions within the resin is speeded up, and thus, a greater 
speed of exchange may be expected* This increase in speed was actually 
observed in the case of both resins investigated (Table 3, Figure 2)„ 

In the case of Amberlite;IRG-50; less deuterium was bound at 90 C° . 
than at 7U5 &,   The explanation Of this:behavior, which at first 
glance appears surprising,; may berfound in the fact that carboxylic 
rssin is more sensitive to temperature,\'and.bey^ 
temperature,, the number of active places isJ reduced* According to data, 
contained in the literature^ both Amberlite IR-120 and Amberlite IROf>0 
may bs used up to 121 C°, which data, however, relate to resin in the 
form of sodium, salt (Table l)«,i. ■•„. •; . 

The drop in the number;,of active places also was controlled through 
titrationiby.determination of the total ion-exchange capacity of the 
resin at 20, 71*5, .80 ssid 90 G^ For Amber'lite IR-120 the capacities 
measured\at the four temperatures were identical, but for Amberlite 
IRC-50 thie capacity-at:80 and. 90;ß° was less than at 20 C° (Table 1), 

If the deuterium mol fraction M the; res in, (Xj^) is calculated 
at the lower capacity (mut). of the experimental temperatures, the 
values obtained at 80 and 90 CH are greater than the value obtained 
at 71.5 CO. ... ■ 

Plotting the end values of exchange as a function of temperature "' 
(Figure 3), it is seen that the end quantity of Amberlite IR-120 
increases with temperature, and the end value of Amberlite IRC-fjO 
reaches;^ a maximum at approximately 75>C°. 

Plotting.thet^id mol fractions asa function of temperature, 
we see that the Xß of Amberlite IRC-^0 also has a .maximum at^^approxi- 
mately 75 C°, and. its X^ increases with temperature. .    .-.■;•; ^ 

The H,»-Bt Exchange Capacity as a Function-of; the p^ of the Solution    : • 
The change in hydrogen ion concentration in solution" generally 

has two effects upbii the catüoh; exchangers: with a change in p^ 
the swelling of the resins, and the dissociation of the active groups ' 
change. According to data of the literature? the ion exchange capacity 
of sulphonic acid resins generally is independent of the pjj of the 

- Ill- 



solution [7 Ro Griessbachs op0 cito., page 233.] The cation exchangers 
swell more at a higher pjj, whereupon the internal surface is more 
accessible to the particles,, Because of the p^-dependence of swelling, 
in several cases the ion exchange capacity of the sulphonic acid resin 
to a slight extent may vary with the pjj of the solution^ 

In carboxylic resins the capacity increases with an increase 
in pjj, not only because of greater swelling of the resin, but also 
because the exchange is a limited process and the number of dissociated 
carboxylic groups in the internal solution is determined by the m of 
the solution^ ■    .. " 

The deviation in the dissociation of the internal solution derives 
from the different acidity of the two resins. Determining the acidity 
of the ion exchangers through measurement of sugar inversion speed, the 
apparent acidity of sulphonic acid resin was found to be between that of 
hydrochloric acid and monochloracetic acid, close to the latter. The 
acidity of carboxylic resins was found to be between that of formic 
acid and acetic ac2de

ö [ö Griessbachs op«cit*, page 270o] Thus both 
the acidity investigations and study of the neutralization curves indicate 
that the sulphonic acid resins act like strong acids, and the carboxylic 
resins act like weak acids0 

In deuterium-hydrogen exchange the hudrochloric acid or sulphuric 
acid added to solution for the purpose of reduction of the m may have 
a role different from those described above«, An exchange also takes 
place between the deuterium oxide and the two acidss? [" £h, M* Serserer 
and A0 Io Brodskiys Acta Fizikokhim0 URSS (Journal of Physical 
Chemistry), Wo 2, 19357 page 603»T 

H2S0^ + HDO ^1 HSOJ + H2B0"
!^rS- DS0£ + H30

+ 

HS0£ + HDO <Z^ SOJ" + -H2D0
+

<^ DSO" + H2Q 

HgSO^ + D20^ HSOg + HD20+^=^ DSOr + ^DO"1* 

HSOr    +D20 -Z2LS0?- +HD«0+—^ DSOr +HD0 

HCi      +HD0<p2H2D0+ +C1~<-Z2   DC1    + H20 

HC1      +D20^^HD20+ +C1-«^T   DC1    + HDO 

As a result of ionizaticn and exchange the deuterium enters 
partially the hydrochloric acid and partially the sulphuric acid, or 
instead of deuterium oxide, which itself is only slightly soluble 
(KD 0 = Oo33 ° KT1^), the solution contains deuterium-containing ions0 

Because of the greater deuterium ion concentration the end-point is 
reached more rapidly, and if the effect of the deutero-acids is greater 
than the reduction of internal dissociation by the hydrogren ion concen- 
tration, the exchange capacity also may be altered. 
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An actually greater exchange capacity than that of sulphonie acid ' 
resin and more .rapid attainment of end-point were obtained in deuterium 
oxide solution containing hydrochloric acid and sulphuric acid«, ¥ith 
carbcxylic acid, however, capacity drops with a reduction in pjp although 
the end-point also is reached-more rapidly in this case (Table h, 
Figures k and 6)«, 

In Amberlite IR-120 the end concentration increases with a 
reduction in pfj, and reaches Saturation at pjj « 2„0o The end values of 
sulphuric acid exchange are greater than that of hydrochloric acid 
(Figures 5(a) and 7 (a))* 

In Amberlite 3BC-50 the end values increase with an increase 
in pflo The end mo 1 fractions vary linearly with the pj| both in the 
presence of hydrochloric acid and sulphuric, acid (Figures 5(b) and 7(b))» 

Exchange Capacity as a Function of Resin Grain Size 
Among others, diffusion of the exchanging ion within the resin 

has ah important role in the -exchanges i«ihich take place on the ion 
exchanger0' Because with a reduction of the grain'-size, of the resin the 
path of an ion from the surface of the resin to the active group within 
the resin is shortened, ä greater reaction speed may be expected with a 
smaller resin diameter. For similar reasons the speed of reaction is 
greater in ester formation and hydrolysis catalyzed by cation exchangers 
if the radius of the ion exchanger is reduced»10 [10 J* Fbdor and Zc 
Hajos: M. Tud Akad« VII» Oszt» Kozl, (Magyar Tudomanyok.Akademiaja VII« 
Osztaly Kozlemenyei •**> Reports of the Seventh Department of the 
Hungarian Academy of Sciences), lip 5, 19$$3  page 5U$o] 

According to our experiments (Table 6, Figure 8) the speed of 
exchange increases, and thus the end-point is reached more rapidly in 
both resins with a reduction iri the grain size of the resin. The value 
cf the deuterium concentration end point, however, is independent of 
the resin grain size, apparently because the active groups are evenly 
distributed on the resinn 
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Evaluation ^ ,  ,   . . 
"— STthe final analysis, the following exchanges take place between 
the cation exchangers and the deuterium oxide: 

RS04I + HDO,ri? RSO3D * H20 

RSOoH + T)20^ZZ RS03D + HDO 

sulphonic acid resin 

and 

carboxylic resin 
RCOOH + HDO ^2: RCOOD + HgO 

RCCX)H + D20 ^Z RCOOD + HDO 

Because of the equilibrium between H20 and D20, 

H20 + D2O^Z? 2 HDO; K ■ 3*8 at 2$ C°, 

and   K = 3« 87 at 100 C° u 

the ratio of HDO in the deuterium-content molecules was 0.939 in the 

il„392 mol-$ solution«, „..,*'   * 
It is customary to give the degree of exchange in two different 

WÜVS rt v " (a) Exchange is given only in reference to the resin, and the 
mol fraction (XD) of deuterium bound on the resin is stated. The mol 
fraction is taken to mean the quantity of exchanged active places {up). 
divided by the quantity of the total active places on,the resin (nft)»^ 
[12 T. Erdey-Gruz and Q0 Schays Elmeleti Fizikai Kemia (Theoretical 
Physical Chemistry), Vol II, page 39U. J        ~^ 

(b) The exchange is indicated by the separation factor (a), xrtuch 
is in equilibrium with the deuterium/hydrogen ratio bound on the resin, 
and divided by the deuterium/hydrogen ratio present in solution«, * 
[!3 D» Ro Augoods Mature, Wo 178, 1956, page 75UJ 

If the 
AI * BI*  AI8 + BI 

exchange takes place, the separation factor iss 

(lVl)A 
a - ~(IVI)B 

I represents the type of atom participating in the exchange, or the 
quantity of this atom (the hydrogen atoms of the resin), and I* 
represents the isotope which replaces the I atoms (deuterium)« Only 
the quantity of exchangeable atoms was taken into consideration in 
the value of I (only those hydrogen atoms of the resin which are bound 
to the sulphonic acid or carboxyl groups). In the 

- 19 - 



RSO3H + HDQ*rzL RSO3D + H20 

II«      I«    I 

and 
RCOOH + HDO 3?£ RCOOD + H20 

II*     I«   I 

exchanges: 

(It/I)A . - ** »JSL-  (IVIB) - 
Y°"fY  . ^ 

mH-raD      1-Xj)  ■       10O.-(YO-AY) 

Y0»AY 
( iOO - (Y0 - AY) '   * 

(YQ represents the starting concentration of deuterium in the solution, 
and A y represents the decrease in deuterium concentration of the 
solution in mol-#). The value of a is given.in the last column of the 
tables. 

According to the data of the literature, in most cases a is 
very close to unity, which means that the.distribution of isotopes is 
identical in both binding methods. Exceptions are the hydrogen- 
deuterium exchange between deuterium oxide and acetone (a *■ 0<»83 to 
0,71), ammonium chloride (a - 102£), acetic acid (a - 0eU5),, sucrose 
(a - 0.83), pyrole (a - U2$)  and hydroquinone (a - 0.88U)«-14 lm A* I« 
Brodskiy; J. Phys0 Chem» USSR, No 9, 1937, page 1$$« 3 

According to our experiments a always is less than unity for 
Amberlite 3RC-50, and ranges between O096 and 1.U2 for Amberlite IR-120» 

The separation factor less than unity indicates that the hydrogen- 
deuterium exchange is a kinetically limited process because identical 
isotope distribution cannot be expressed in both phases. This also is 
indicated by the fact that the degree of exchange depends upon tempera- 
ture. A .similar phenomenon was found in exchange between naphthalene 
and DBr1^, in which a also depends upon the temperature: between C C° 
and 70 C° the separation!factor changes from 0*32 to 0oUl„ 

The a > 1 values "encountered in a sulphonic acid resin probably 
are connected with the fact that because of the complete internal  ; 

dissociation the exchange reactions are approximately the following: 

RSO30OH3 +HD0^^RS0j.0H2D
+ +H20'„ 

RSOyGH* + D2°<^ RS03„OH2D
+ + HDO 
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RSOjOHgD* +HD0^3RSOJoCHD2 +H20 

RSO-.OH2D* + D20 ^ RS0-OGHD| + HDO 

RSO^oOHDj + HDO £Z- RSO3.OD3 +H20. 

RSO^OHDJ + D20^3^ RSO3.OD3 + HDO 

From ths equations it is clear that, there are actually 3I»H exchangeable 
places on the sulphonic acid resin. Dividing the X^ values of the 
sulphonic acid resin by three (XJ), thus computing the value of a (a*), 
in every case we get a value less than unity» 

The probable reason for the fact that an actual equilibrium is 
not reached may be that the formation of the RSOjcOH^ ion complex is a 
limited process. The ion-exchange resins contain bound water in various 
forms (structural, hydrate, or water of swelling)« It is well known that 
the water absorption of a given resin also varies with the quality of the 
bound ion, because certain ions carry coatings of hydrate-water with 

them9 
The sulphonic acid resins swell to a great extent, and the . 

carbcxylic resins swell to a slight extent« ¥hen the resin is dried 
out (air dry) part of the adsorbed water is removed, and this drying 
is partially an irreversible process, because the capacity to swell is 
reduced, active groups may break off, and the grain surface may be 
reduced, which phenomena cause a reduction in capacity«, 

According to calculations the water remaining in the resin 
capillaries (approximately 20 percent) would be adequate to make 
RS0-e0H* ion-complexes from each RSO3H group, but probably is inadequate 
to fill^the eaoillarles with water and maintain the resin in a swollen 
condition«, Because of this only part of the RSO3H groups actually are 
in RSO^OHo form originally» Mien the aqueous solution of deuterium 
oxide Is added formation of the lacking RS0~o0Hj groups begins, and this 
process is furthered by an increase in temperature0 

In addition to the above, stereometric blocking also may occur 
in part of the active groups, and because of this the capacity is less 
than the value obtained by analysis of the finished resin« 

The total ion-exchange capacity found in the literature-? is not 
an actual physical constant because it depends upon the quality of the 
ions, the swollen state of the ion-exchange resin, the previous history 
of the resin, etc. Thus the exchange capacity, established for an A-B 
ion»pair, is not definitely the same as for the A-C ion-pair, even 
though the previous history and swollen state of the resin may be 
identical« Thus the total ion-exchange capacity given in the literature 
for H-Wa ion-pair may serve only for approximate orientation with 
respect to other ion exchanges. 
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A certain similarity W ^ ^SÄ- 
exchange and the isotope ^•g^J^Ä* investigated 
in sulphonic acid changers.   Spits to^BjrjsK & 

the exchange between flO^La- ^Ä^n and sL F. Berezina* 
dueterium oxide solution. J» V. I. Sfeitsin^ana Academy 
Dokl^^JaukSSSR   D^S^^i Si   At S CO the exchange 
^-Scl^nceF^SRlT^o,106, 1956, page l>™°* >*tZa   At 100 C° the 
SS rapid, and .ithin 12^hour.[ «-^^J^SISÄ-ddvd««, 
speed of exchange is more rapid.   tf the sa^   ^ P ^^ ftt 

for example if ttaiofl2%l • ^^,Snged at 100 C°c 
room temperature, but 2.7 %0 was £™*~       to carboxylic resin» 

The situation is ^^f^^^f^ the C00- • OH? system cannot 
Because of the low-dissoc^f^^^^^ty cannoibe .expected, 
be formed, and thus a ^V*^*^^p^lc acid resins, swelV 
The carboxylic vestas,. in °f^V* ^!iier than unity possibly may be 
oniv slightly.   The separation fact£r.^fff, t^carboxylic resin with 
explained by formation of ^^^^'^^^^^^ of 

the aid of adhered water, similar to tnat oi an aqu 
acetic acids 

R- H 

0 

HX       H 

The similarity of ^ 

Less than unity^in all hyorogen ic acidj etCo)# 
acidic groups P?rtx«^tj ^^jw^e^       ^ Uon of 

The next portion of our .^°*«" ^the deuterium content of 
hydrogen-deuterium exchange as a function ox wu<. 

ttE S°Ä Point «* present ^ J^^«^*^^ 

Trencseni, a technical associate of the author. 
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Summary 
*"   "The replacement-exchange of hydrogen by deuterium on cation 
exchangers (Amberlite IR~120 and Amberlite IRC^O) was investigated 
in an aqueous solution of deuterium oxide as a function of the type of 
cation-exchange group, temperature, ^ of the solution, and grain size 
of the resin« ■    . 

The speed of exchange and the final mol-fraction of deuterium 
is greater for the sulohonic acid resin than for the carboxylic resin, 
although the Ion-exchange capacity of the carboxylic resin is greater. 

At 20 C° there is no measurable exchange between deuterium oxide 
and the hydrogen atoms of the cation-exchangers, but it increases with 
temperature for Amberlite IR-120, and increases with temperature for 
Amberlite HC-£0 to approximately 1$ C°, after which the amount of 
exchanged deuterium decreases because of damage to the resin* In both 
resins the speed of exchange increases with increase in temperature, 

When the p, of the deuterium oxide is modified through the 
addition of hydrochloric acid and sulphuric acid, the final exchanged 
quantity in Amberlite IR-120 increases with the decrease in pjj because 
of the exchange reactions between hydrochloric or sulphuric acid and 
the deuterium oxide. In Amberlite IRC-50 the exchange capacity decreases 
with the decrease In pH, because under these circumstances dissociation 
of the carboxylic groups is suppressed. In both resins, however, the 
speed of exchange is greater In an acidic solution than in a neutral 

solution,, ...   * 4.. 
The exchange reaction speed increases with reducx-ion ol tne 

grain size of the resin because of the reduced role played in the 
exchange by diffusion« The end concentration of deuterium on the 
resin, however, is independent of the grain size of the resin, probabjy 
because the active places are evenly distributed on the resin«, 

In the case of the carboxylic resin the separation factor always 
is smaller than unity, possibly because of hydrogen bridges formed between 
the carboxyl groups of the resin and the adhered water. The same occurs 
in the case of the acetic acid - deuterium oxide pair» 

An increasingly larger apparent separation factor also was found 
for the sulphonic acid resin, which may be explained by the formation of 
RSOo • 0H+ Ion-complexes by part of the RSO^H groups. The formation of 
these ion3complexes, however, is a limited process which is aided by an 
increase in temperatures« 
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F3QÜRS APPENDS 

Figure 1. Exchange, .capacity-as a function p£ the type of resin. 
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Figure 2« Exchange capacity as a function of temperature» 

CHNSGilifffllRK 

Figure 2(c)» Mol-fsaction of deuterium bound on the resin as a 
function of temperature* 
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Figure 3»   End eaashaage capacity and the end mol»fraction as 
functions of temperature. 
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Flyure U.   Eaajfenye capacity as a function of jft of tim solution «hen 
the m Is wodifiea with hydrochloric acid. 

Pi-are U{c).   MoX-fractim of deuterium bmmd on the resin as a ftmction 
of pjj of th© solution In tiw case of hydrochloric seid* 
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Figure $.   End exchange capacity and the end mol~fract£on as functions 
of PA at the solution in the case of hydrochloric acid« 
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Figure 7. Snö exchange capacity and end mol-fraction as functions 
of -pi? of the solution in the case of sulphuric acid. 
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