
Chemistry. - "'Phe influence of pressure on tlte velocity of dijfu
sion of metals in mel'C111'y," BJ Prof, ERNST COHEN and DI', H, R, 
HRU/NS, 

(Communicated at the meeting of March 29, 1924.), 

1. Nothing has been knowIl up to the present on the subject of 
the effect of presslll'e 011 the velocitJ of diffusion of a substance in 
a liquid, I) 

MOl'e accurate information as to this effect is not ouly very 
desirabIe in cOllnection with eel'tain geological problems, but also 
fOl' the solution of definile qllestions in moleculal' Iheol'Y, Accorrling 
to En~Sn:IN the following eqllatioll holds: 

RT 
D=N B• 

whel'e D denotes the diffusioll-coefficient of asoluie, R the gas
constant, T the absolute temperatUl'e of the experiment, N AVAGADRO'S 
numbe.', alld B Ihe mobilily of the solule (i,e, the distance which 
a molecllie covers in nnit time in ils movement throllgh the Iiquid, 
when unit force acts on it), 

Henee diffusion meaSUl'emellts offer a dil'ect method for determining 
the ruobilily of the molecule, This qualltity depends on the moleculal' 
fOl'ces, which are Iflut.ually operative between the molecules; it 
changes, thel'efore, according as the condition of the medium, in 
which the diffusion takes plaee, is changed, The simplest change 
wltieh the medium can experiellce is evidently a compression; the 
distance bet ween the molecules becomes then smaller, whilst the 
killetic energy remains unal te red , Viewed from this standpoint, an 
in vestigatioll of the illflllenee of pl'essUl'e on the diffusion constan t 
must be looked \lpon as of special iutel'est, 

1) In their communication on the subject of the effect of high pressure on the 
properties of solid substances [Zeitschl' f, anorg, Chemie 80, 281 (1913)] JOHNSTON 

and ADAMS make th is statement: "Some investigations have been c:llTied out in 
th is laboratol'Y on the influence of uniform pressure on the velocit.y of diffusioll 
(solid substances in solid substances), They indicate that uniform pressure increases 
the veJocity of diffusion: but it would be premature to consider this as established, 
and it is scarcely allowable to draw tbe conclusion that uniform pressul'e actually 
must have such an effect", 
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2. The limitations al'e so n11meI'OUS which the experimental diffi
culties impose on us in our choice of a 8uitable system, w hen under
taking accurate measmements of ditfusion at high pl'essures, that 
actually only a na!"row choice of possibilities remains. We have 
first to think of a sJstem snch that we may be in a position to . 
follow from outside, by electrical or optical methods, the pl'ogress 
of Ihe difl'llsion which is taking place inside a pressllre apparatus. 

One might imagine th at the method of WEBER IJ would be applie
able to investigations at high prossures which this writer applied 
to the measlll'ement of the velocity of ditfllsion of electr'olytes in 
water (involving determinations of e. m. f.). A careful analJsis of 
Ihe difficulties involved in this method brought us to Ihe conclusion 
not to apply it ill this case. Also the systems that he investigated, 
electr'olytes dissolved in watel', al'e of so complicated a natul'e, and 
so 'many fartors ill\'olved therein alter nndel' pl'e8snre (one might 
mention e. g. the degree of dissociation, the hydmtion of the ditfusing 
sllbstance, and the polymel'isalion of the wafel'), that it does not 
appeal' at all probable thai we shall be in a position, in the near 
future, to draw all)' definite eOllclusions from the presslU'e-etfeci 
observed . 

3. The 8olutions of many metals in mercury are of a much 
simplel' type. Tho solvent is considereu in general to be non-associ
ated, whilst the dissolved melals al'e present in the monatomie 
condition. 

4. We have applied, fOl' slleh moaslll'emenis at high pressnres, 
Ihe pot.entiomelric method 1'01' Ihe determination of the velocity of 
ditfnsion of melals in merclIl'y descl'Îbed in onr pl'evious commnnic
ation, choosing again cadmiulII for the ditfllsing mela\. 

We carl'ied out. Ihe determinations (al 20°,00 C.) at 1 atm. and 
1500 atm. pl'essure. Since pl'eliminal''y investigalions had shown 
th at the change in D prodnced hy a pressUl'e ot 1500 atm. was 
I'elalively smalI, it appearod to be sllperfluolls to cal'ry out measur
ements at intermediate pl'essllres. 

Actually the apparent deviations fl'om a linear relationship bet ween 
pand D are probahly 100 small,coJlsidering the degree of accllracy 
of Ihe measllremenls, 10 be detel'mined with any cel'tainty. 

5. The detel'minations at 1500 atm. wel'e cal'ried out in pl'ecisely 
the same manne!" as at 1 atm. (see OUI' pl'eviolls paper), but with 

1) Wied. Ann. N.~' . 7, 46D (1879); Ook SEITZ, Wied, Ann. N.F. 64,759 (1898). 



this diffel'ellce, that the diffusiometel' ill Ille st.eel cylinder (the pl'es
slll'e-bomb) (Fig, 3) was subjecled to pl'eSSUl'e by the intl'oduction of oil. 
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Fig, 1. 

We placed in the bomb a mixture of mineral oil wilh so much 
vaselin Ihat the whole was faidy viscous at 20°, In this manIIer 
the press\ll'e was maintained vel'y constallt during the experiment. 
The use of an automatic p.'essIJre device, similal" 1.0 th at which we 
are accIJstomed 1.0 utilize ilJ our high-pl'eSSUl'e illvestigatiol\s 1), is 
not allowable in diffusion exper:ments, since any kind of vibratioJl 
must be avoided, 

Thl'ough the use of the viscous oil-mixture we were able to 

1) ERNST COHEN and R, B, DE BOER, Zeitschr. f, pbysik, Chemie 84, IJ (1913), 
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mailltain the pl'eSt;lIl'e SO cOIlt;lant fOl' sevel'al hOUI't; that it was onl)' 
necessary now alld thell to regltlate it hy hand. This was nlways 
(~al'ried oul abollt all houl' befol'e Ihe meaSlIl'emellts, whilsl Ihe 
diffusiometer was al ways brollght up to 1500 atm. 12 hou l'S before 
the beginning of the diffusion, so that, having regard to lire high 
heat of compl'ession , t.he appal'atus should have ample 0ppol'tunity 10 

assume Ihe lempemture (2Uo.00 C.) of Ihe t.lrermoslat. (Wilh regard 
10 tempemtlll'e-regniatioll see the pl'eviolls paper, § 10). 

The pl'esslll'e was read dlll'ing t.he experiment 011 a manometel' 
which was fl'eql1enll.r ehecked by ft. pl'esslll'e-gauge 1) . 

6. With regard to the eleeldeal measuring instmments refel'eDee 
should be made 10 Ihe pl'evious paper. 

7. The diffusion-constallt was ealeulaled from tlre experimental 
data by means of Ihe equatioD : 

V D = 2 I~_ (Vt _ Vt-O). 
cq V:r 

Here the different symbols have the same signitieanee as before 
(see the fOl'mer paper, + 14). 

8, We used the same diffllsiometel' all atm . pressure as at 1500 
atm . The value of q = 8.419 cm' at 1 atm. (see + 15 of previous 
paper) must be correcled at 1500 alm . fOl' Ihe compr8ssibility of tlre 
glass (2 .2X10-S). We obtain q1500 " tm . = 8.400 cm'. 

9. lt should be fllrtlrer I'emal'ked I.hat in the calcnlation of tlle 
('adminrn coneenh'a tioll c in mgm . pel' ('C. of the amalgam (see + 16 
of 0111' previolIs commllnicalion) account IIIU St be taken of tha 
compl'essibilit)' of the edremely dilule amalgam at the high pressure, 
w hich we pn t eq ual 10 that of plll'e mel'cnry (4 X 10-S). 

We obtain d ~goooo:tm . = 13.626. 

10. While for the determinatioll of c all atm. presslll'e we refel' 
to our previous work, we remark Ihat Ihis quantity was also found 
at 1500 atm. by the' measurement of the e.m.f. between the mercury 
8urfaee and the standard eleeh'ode Am (Fig. 1 in the previous paper), 
We determined Ihe reialioll belweell c and the e.m.f. 

(
RT ) (E)UiOOatm. = (E.h500atm. - -F'ogeo 
n 1500ILtm. 

I) ERNST COHEN, KATSUn INOUYE and EUWEN, Zeits(:hr. r. physik. Chemie 76 
257 (1910), 
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iJl precisely the same way as in the expel'imellts at 1 atm. pressure. 
As a pJ'ecautioJlaJ'y measure, the e.m.f. at J atm. was determined 
befoJ'e every expel'Îment that was cal'l'ied out at 1500 atm., and 
aftel' the pressuJ'e experiment the e.m.f. at 1 atm. was again determ
ined aftel' ternperatuJ'e equilibrium had been re-established in the 
diffllsiometer. 1) 

At eaeh pressure the e.m.f. was tested for constancy durillg a 
period of sevel'al hOllI's. At each measurement the pl'essure was read. 

Table lcontaills the experimental "es,Ilts fOl' 1 and fOl' 1500 
atmospheres l'espeetively, ") 

.. ... . ...: a " 0- a .- e 0._ • e ".. a 
~~ e ü.!'!·-

~~ ~ 8 .!:! .. 
'lIG .... 

114.19 180 10.066 

114.54 140 10.056 

114.53 105 10.041 

11 1.21 100 10.029 

111.87 210 10.029 

TABLE 1. 2) 

Temper8ture 20°.00 C. 

~ . 
'08 !l " 8 .U 

~.~ WI .;:me" ~ö Ç"j"'8 c- 'QIII-o .> 
fra 0

111 8 " ~-.5 0 8 Q. 
~.- 111 

63.31 8 1.469 0.05118· 

49.197 5.816 0.060936 

36.844 4.356 0.06459& 

35.04' 4.261 0.06486 

13.597 8.908 0.05555& 

.. Ei!! 11 • 
~~ . .::: .0 00 
~> ~> ~> 
~c: ~.!:! -a 
~ .- ~ .-

x 

0.083161 0.05562 0.081071 

0.083153 0.058715 0.081068 

0.683166 0.06244 0.08108° 

0.08317 0.06269 0.08107° 

0.083154 0.05338 0.081054 

Me8n: Me8n: 
0.08316 0.08107 

OUI' equations fol' the calculatioll of c from the observed e.m.f. 
are thel'efore: 

(
R1' ) E 1atl/l.= 0.08816- -logee Ol' E 1at7ll . = 0.08816 
nF 111/m. 

_. 0.029058 log Cl atlll. 

and 

(
RT ) E 1500atm. = 0.08107 - -logec 
nF 1500"(711. 

Ol' E 1500atl/l. = 0.08107 - 0.029058 log CUiOO atm. 

11. BefOl'e we communicate our results for the final measUl'ements 
at 1500 atm., we must make reference to the choice of the 8trength 
of CUl'rent used in the electrolysis. 

1) Equilibrium in the amalsam of the standard electrode was also only established 
aft er a certain time had elapsed. 

') The values of El atm. and (Enh atm. will also be rOllnd in Table I of our 
former commuDÏcation. 
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It has all'eady been Iloted thai lhe value of the calculated co
efiieient of ditfusion was not independent of the t.ime dUl'ing which 
lhe pl'ocess of ditfusion was followed aftel' lhe compietioll of the 
electrolysis; al80 that there exists at 1 atm, pl'essure a range of 
values fOl' the clll'r'ent-st.r'ength fOl' a given concenlration of tlre 
cadmium slliphate solulion (we nsed one such that at 1 atm., as 
weil as at 1500 atm., it contained 32 gm. CdSO •. 8/. H,O per 100 
gm. H,O) within which lhe ditfllsion-constanl is found independent 
of the time, 

Meanwlrile at 1500 atm. a gr'eatel' cUI'renl-strength must be chosen 
in ol'del' to reaclr th is conditioll than e.g. at 1 atm. pl'eSSUl'e, The 
explanatioJl of this plrenomeJloJl is gi veil by the facl that at a high 
press\ll'e the meniscus of Ure mer'cul'y in lhe diffusiometer is mOl'e 
sharply curved. OUI' mode of tl'eatment of tlre problem in the former 
paper (~ 21) thus receives fresh su pport. For the surface-tension of 
a mer'cury-water surface increases at a high pl'essure, as LYNDE 1) 

had shown . 
It can be assumed that this is also the case 1'01' the system 

mercllry-cadmium sulphate solulioJl . Accordingly, with incl'ease of 
pl'essure the size of the mercury surface wiJl increase. 

Wilh a current-strength which will give a constant ditfusion
coefficient all alm. pl'eSS\ll"e, there will be found too high a value 

TABLE 2. 
1=4.7856 mA. 

2 
1-8. E (Volt). log c. DXW~ 

aec. 

600 0.05418 0.00482 1.437 

1200 0.05595 0,86441 1.434 

1800 0,05684 0.83391 1.435 

5400 0.060135 0.12044 1,436 

6600 0.06091 0.69381 1.440 

1200 0.06124 0.68251 1.437 

7800 0.061555 0.67158 1.436 

10800 0,06295 0.62366 1.436 

18000 0.06536 0.5406-4 1.435 

18900 0.065595 0.53255 1.433 

28800 0.06781 0.45640 1.436 

') Phys Rev. 22, 181 (1906) . 
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fOl' the coefficient at 1500 atm. preS81ll'e, when it is detel'rnined 
aftel' the end of the electl'olysis, since tha eoneentration of the 
cadmium at the mereury sllrfaee will then be less than e.g. in the 
experiment at 1 atm. pressure. 

The ditfusion-coefficients which are ealclliated from the potential 
measllrements cal'l'ied out at later points of time will therefore 
always deerease l1J1til a limiting vallle is I'eaehed (vide ~ 21 of our 
previous paper). lf we are eoncel'lled in obtaining at 1500 atm. 
also sueh eonditions fol' the ditfusion that the deviatiolJs may be 

I-(J. 

600 

1200 

1800 

5400 

6600 

1200 

1800 

10800 

18000 

18900 

28800 

I-(J. 

600 

1200 

1800 

18000 

18900 

28800 

t: (Volt). 

0.054165 

0.05595 

0.05685 

0.06016 

0.0609F 

0.06126 

0.06158 

0.06291 

0.06539 

0.06563 

0.06183 

E (Volt). 

0.05412 

0.05591 

0.056187 

0.065345 

0.06559 

0.06781 

TABLE 3. 

/=4.751 8 mA. 

loge.-

0.90567 

0.86439 

0.83349 

0.71950 

0.69352 

0.68113 

0.61012 

0.62289 

0.53961 

0.53121 

0.45564 

TABLE 4. 

/ = 4.7377 mA. 

log c. 

0.90671 

0.86584 

0 .83564 

0.54115 

0.53212 

0.45640 

2 
DXI0'~ 

sec. 

1.442 

1.445 

1.447 

1.452 

1.452 

1.452 

1.451 

1.451 

1.451 

1.451 

1.451 

2 
DX 1()i~ 

lee. 

1.426 

1.427 

1.425 

1.432 

1.433 

1.431 
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exactly compellsated. the cUl'l'ent-stl'ength mllst oe taken at a higher 
figllt'e, Tables 2-7 contain Ihe experiment/tl l'esults for the measur
ements at 1500 atm. 

In the expel'Ïmellt l'efelTed 10 111 Table 4 some distUl'uance 

1-0. 

600 

1200 

1800 

5400 

6600 

1200 

1800 

10800 

18000 

18900 

28800 

600 

1200 

1800 

5400 

6600 

1200 

7800 

10800 

18000 

18900 

28800 

E (Volt). 

0.05511 

0.056285 

0.05119 

0.06050 

0.061255 

0.061605 

0,061927 

0.06331 

0,065135 

0.06598 

0.06818 

0.05556 

0.05613' 

0.05762 

0.0609P 

0.06161 

0.06201 

0.06234 

0.06313 

0.06614 

0.06638' 

0.06858 

TABLE 5. 

1= 4.6289 mA. 

log c. 

0.89337 

0.85294 

0.82188 

0.10788 

0.68190 

0.66985 

0.65815 

0.61118 

0.52773 

0.51930 

0.44359 

TABLE 6. 

1= 4.484 mA. 

0.81181 

0.83745 

0.80709 

0.69352 

0.66162 

0.65592 

0.64448 

0.59613 

0.51311 

0.50531 

0.42991 

2 
DXI0·~ 

Ice. 

1.448 

1.445 

1.449 

1.454 

1.454 

1.456 

1.455 

1.453 

1.455 

1.455 

1.456 

1.459 

1.451 

1.456 

1.458 

1.451 

1.456 

1.458 

1.459 

1.456 

1.456 

1.455 
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occlll'l'ed at the start, which hecRme lIotieeable iu the measurement 
of the e. m. f. Since th is \'allished latel', we nevel,theless give the 
1'esuIts of Ihe expel'Ïment here. As wiIl be evident, this experiment 
will have only a small effect on the combined result. 

TABLE 7. 
1= 4.4357 mA. 

2 
1-0. R (Volt). log c. DXIO'~ 

lee. 

600 0.05565 0.87472 t .448 

1200 0.05682 0.83460 1.444 

1800 0.05769 0.80458 1.441 

5400 0.06099 0.69102 1.443 

6600 0.06175 0.66488 1.444 

7200 0.06209 0 .65318 1.443 

1800 0.06242 0.64190 1.444 

108(10 0 .06380 0.59432 1.442 

18000 0.06621 0.51139 1.440 

18900 0 .06645" . 0.50296 1.44\ 

28800 0.06865 0.42750 \.439 

12. In Table 8 the I'esults of expel'iments at 1 atm. (vide our 
previous paper, Table 16) and at 1500 atm. are collected. 

TABLE 8. 
Temperature 20°.00 C. 

Pressure 1 Atm. 
11 

Current strength 2 
DXW~ in mA. lee. 

3.6735 1.523 

3.6178 \.518 

3 .6004 1.509 

3.574 t .515 

3.3957 1.515 

3.0188 1.530 

Mean of all: 

D 20o.OO = 1.520 X 10-5 cm
a 

1 alm. sec. 

Pressure 1500 Atm. 

Current Itrength 2 

DXIO'~ in mA. lec. 

4.7856 1.436 

4 .751 8 1.451 

4 .7377 \.432 

4 .6289 1.455 

4.484° 1.457 

4.4357 1.442 

Mean of all: 
2 

dOO
•
DO = 1.446 X 10-5 ~ 

15DO alm. lee. 
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We find tbel'efore that the coefficient. of diffusioll of cad 111 i u 111 in 
mercury at 20°.00 C. decl'eases with incl'ease of pressure, actually 
by 5 pel' cent, fOl' an incl'ease of pl'essure of 1500 atm. 

SU M MAR Y. 

The velocity of diffusion of cadmillm IJl mercUl'y at 20°.00 C. 
and at a pl'essure of 1500 atm, has been detel'mined accol'ding to 
the method desc1'Ïbed in the pl'eceding commnnicatioll. 

BJ' an increase of pressure of 1500 atm. this velocity of diffusioll 
is depressed by about 5 per cent. 

Utrecht, March 1924. VAN 'T HOFF Laborat01'iwn. 




