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11le elcc.tricaJ pe.rmittivitics of (om13mide and water have been measured over the temperalUJt 
ranee s..65

t

C a.nd at pn:ssures up to 2000 b:J.r, using a lran.~ronner bridge techOlque in the frequency_ 
Rnee 1()"520 kHz. IlrI::asil;es or forma1l1ide a t I bar and te:nperatures S--6rC are also reported, and a 
con1innatory Yaluc rOC' the comprcsslbility at 2S ~C. 

The tbroretical tvaluation of the limit ing slope of the curves of apparent molar 
volumes of strong electrolytes against the square root of concentratio n requires a 
knowledge of the ~sure dependence of the electrical permittivilY of the solvent.' 
This quantity is also of interest in connection \\ lth theories oi cJeclrost riction.2 

While precise values.are available ror ",ater~ l the most accura te work is confined to 
the region up to 1000 bar. For formamide, an importan t so"ont for electrolytes 
because of;ts small molecular size and high permittivily. no high.pressure values have 
been available and even the data at atmospheric pressure. are sparse. The present 
work, t"ou~ its primary purpose is the study of formamide, includes data for water 
up to 2 000 bar in !hoc range I ()'6S' C. 

EXPERIMENTAL 

PURIFICATION OF MATERIALS 

Water was distiHedand do-ionized. and when first put in the cell usually had a conductance 
or -8 x 10--' ohm-

1 
cuc'. This inCTCJ.scd several-fold during the pressure-runs. without 

effect on the atraporaJed capacitance readings. 

Fonnamidc (analytical reagent grade) was fractionaUy frozen three times (fina l f.p .. 
2.38°C). ~ product W35 neufral izcd to bromolhymol blue with a few drops o f dilute 
sodium hydrmide solation and heated to -40"'C under reduced prcS!lurc. Further acidity 
developed during the process. and (he neutralization \\as RpCaled until the liquid remained 
neutral on heating. k "'''85 then d istilled ill -0. 1 torr and 32-3SoC. A conductance cell in 
the condensate' was used to monitor the Quality. Aftcr four such distilla tions the product 
had the foJJo..ing physical proJ)Crties (literature values lOin parenthesis) : 

tp. 
coaductanoe 
-?. 
d(2SC) 
est.. water oantent 

2.SO"C 
2.8x 10-' ohm-' cm-' 
J.446~1 
1.129 IS g cm-' 
0.Q2~ % 

(2.ss°C) 

(1.44591) 
(1.12918 g cm-') 

The density or lormamidc was measured over the range S-6S"C with the results in table J. 
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TABLE 1.-DENsrTY OF rORMAMIDE 

1f'C ~/. cm-J IO~/(-c)-' 

5.79 1.14531, 7.33 
15.00 J.1l759. 7.41 
25.00 1.12914, 7.49 
3S.00 1.12061. 7.S8 
4S.00 1.1 t2 Il. 7.67 
SS .OO 1.10361, 7.76 
65.00 J.09S 02, 7.8S 

d/gcm-' - J.\SO In-8.3n Sx 10-' 1-1.740 Sx 10-' I'; ~ - -(a Ind/etl,. 

. .. " sured in 3 prel iminary model piezometer, giving 
The compressibility _~f ro~ml~as :cnt with the value of 4.119 x 10- ' bar-I o.brained 
P(25' C) = 4. t I x.IO bar '~ .f . (U~~raSOnie melhod) reported by Mikhailov. ROllOa and (rom the adiabatiC compresSI I lYE d Luff 6 

Shutilov ' combined wi th the heat capacity given by gao an . 

HIGH·PRESSURE CELL 

The dlelectnc cell (fig. 1) consisted of t"'o concentnc P13~lnu~~I~n~~~. it~te ~~~: o~~ 
2em long and 1.1 cm ext. dlJ.m l, andd [h~ho~tc~a~I~:!~;SC~ ;r10rated With 4 s'mal1 holes to end of the outer C)ltndcr "as c osc WI p 

rmlt the free p:lSS.:H~C of liqUid, and a centr.li hole to serve as I 
pc rt for a solad glass cone D "hlch \\as attached to the 
~n::t:~r the inncr cyhnder. thus locatmg t~il [ end rigidly with F 
respect to the outer cylinder. Heavy plat mum \\ Ircs E "'ere 
welded to the closed end of the outcr cylinder and the o ther end 
of the inner cylinder, and \\ere then sealed through the p} rex glass 
cell with tun~ten seals F. The outer cyhnder, at Its open end. 
was flgldly located by four indent:lIions G In the glass cell \\311. 
The outer cyhnder proJccted about 1 em beyond the ends of the 
inner one to minimize end effects. The platinum surfac:cs \Ioere 
coated ",ith platinum black. 3 5 for cond uctance .cells; thiS vastly 
improved the constancy of the bndge r:-,dmgs at different 
frequencies. Though three:-tcmllOal cell d~lgns are usually pre­
ferred for preclSC C3paCltancc measurements, these ,",ere not 
possible with the pressure·bomb 3vatlable to us,. 35 th iS had o nly 
a Single Insulated elcctnC::J.1 co nncellon to.th~ IOslde. !'levertheles~. 
we believe that ourceH deSign sho .... "S no slgmficant d,sad~antages. 

The cell was filled \\ith the liqUid under study and a thin P.V C. 
bulb full o f the liquid was attached to the filling. lube H to take 
1I volume changes. The lOner electrode was connected to the 
i';'ulaled pressure·sealed lead of the bomb. and Ihe ou'er :ne.l~ 
the earthed bomb casing. The pressure· vessel was fille Wit 

transformer 011. Pressure W3S developed by 3 ~mall-stroke hand· 
operated piston pump, and mea,urcd on a large Bourdon gauge . 
readable wilhin - J.S bar, whleh had been calibrated aga tnst FIG. J.~Hlgh pressure 

dead-wei ht gauge by the Defence Standard!; Laboratory. caP3C11ancc cell. 
a C . d ' an oil thennosfat controlled to 
-:;!'c V~SCI ~~~~mm~pel~at~res were measured with a D}mec quartz osciIJalor thenna-. 
~::~ ~~~ra~ed J.~inst a platinum resistance thermometer. 

CALIBRATION OF THE CAPACITANCE-CELL 

calibrated by two independent methods: (0) the capacitan~e a t 25°C was mea~~~i;;:'~ir and then deionized distilled waler at. t aim in Ihe .cell. f U~lI1ga~h;5~~u~:J 
78.304 given by Malmberg and Maryott ., (or the relative permittivity 0 Wil er , 


