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A method for incorporating solid nic kel dimethylglyox ime in a liquid enclosed by a gasket in tile 
diamond-anv il high press ure ce ll is described. A caHbrat ion c urve relating the spec tra l shift of the 
nickel dimethylglyoxi me vis ible absorption band to the know n freezing pressures of 14 liq uids has 
been obtained. The equation for the calibrat ion lin e is llil = - 158 .9 P + 1.82 P' where P is expressed 
in ki lobars. The 90 percent confidence band about the calibration curve has been computed, and the 
curve has been used to determi ne the room-te mperature freezin g pressures of acetone a nd methy l­
cyclohexane. 

Key Words: Absorption spectra, diamond-anv il cell , high press ure measurement , ni ckel 
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1. Introduction 

Previou s methods for the calibration of high pres-

of two other liquids. The 90 pe rcent confiden ce band 
abo ut the calibration c urve has been determin ed and 
it will be seen that the principal di sadvantage of thi s 
method of pressure measure ment is the considerably 
lower precision with whi ch press ures can be assigned 
as co mpared with the precision of piston or manganin 
gages . However , the spectroscopi c me thod is par­
ti cularly useful for measure ments in high press ure 
opti cal devi ces such as the diamond-anvil cell , where 
other methods are not easily used. 

2. Experimental Procedures 

. sure equipment have generally depended upon the 
use - of materials having known pressure-induced 
tran si tions, such as bismuth and thallium [I].l Ob­
servation of their solid-solid transitions (e.g., the 
Bi I- II transition at 25 kbar) permits the assignment 
of the corresponding pressure at specific points. This 
paper describes a method for co ntinuous pressure 
measure ment, based on the change in the spectral 
properties with pressure of nickel dimethylglyoxime 
(Ni(DMG)z). Pressure -de pendence of the position of 
the visible absorption band (V = 18900 e m- I) of solid 

, Ni(DMG)z has been reported [2]. In addition to the 
large red shift in the spectrum with pressure, this 

Ni(DMGh was prepared by the method of Yamada 
and Ts uchida, by the reaction of nickel sulfate and 
dimethylglyoxime, followed by recrystallization of the 
product from chloroform [3]. Liquids used eithe r were 
from fresh supplies of spectro grade material or we re 
di s tilled to cons tant boiling point jus t prior to use. 

? material has further advantages for use in pressure 
measureme nt in that it is easily prepared , it is in­
solubl e in mos t liquids, and the spectral band is rela­
tively sharp. A method for incorporating thi s material 
in a liquid in a hi gh-press ure vessel is described, and 
a calibration curve relating the observed spec tral 
shifts to known hydrostati c press ures is given. The 

Xi pressure data employed are the known freezing pres­
sures of various liquids . The curve is then used to 
de te rmine the room-temperature freezing pressures 

·Present address: 8309 Woodhaven Blvd., Bet hesda, Md. 20034. 
I Figu res in brackets indicate the literature references at the end of this paper. 

The high press ure equipment used for these meas ­
ure ments was the diamond-anvil high pressure cell 
[4]. Liquids were contained in the cell with metal 
gaskets . The preparation of these gaskets has been 
described [5 J. The selection of the metal to be used for 
a measure ment depended upon the maximum pressure 
range to be reached. The spectral data were obtained 
with a microscope spectrophotometer, an instrument 
particularly well suited to investigations of the small 
samples in the diamond cell [6]. 
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The methods used for the preparation of a sample 
for measurement and for the de termination of the 
s pectral shift at the freezin g press ure of the li qu id 
are as follows . First, a gas ket was prepared and 
cleaned. The n, with the gasket out of the cell, fin ely 
ground Ni(DMG)2 or a mixture of Ni(DMG)2 and an 
inert solid was placed in the ce ll and press ure was 
applied to obtain a thin film of the material between 
the diamond anvils. The cell was then opened and the 
large diamond cleaned. With both anvils now ou t of 
the cell, viewing through a microscope and using a 
pointed ins trument , a small section of the Ni(DMGh 
film adhering to the small diamond surface was trans­
ferred to the center of the large diamond surface. The 
small diamond was the n cleaned , again placed in the 
cell , and the gasket properly positioned on it. The 
liquid was added and th e. cell quickly assembled. In 
this way the bit of Ni(DMGh film on th e face of the 
large diamond was trapped in the liquid e nclosed 
between the diamond anvils by the gas ket in the cell. 

Alternatively, the small diamond co uld fir st be placed 
in the cell and the gasket positioned on it. The piece 
of Ni(DMGh film could th e n be placed in the hole in 
the gaske t onto the small diamond surface, the liquid 
added and the cell assembled, with the same result 
as above. 

When a number of measurements were contem­
plated, the general practice was to transfer several 
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pieces of Ni(DMGh film from a single film preparation 
to a glass slide where they could be reserved for later 
use , being transferred to the diamond anvil surfaces 
as needed. This e liminated the necess ity of pressing 
a new film for each meas urement. 

The assembled ceJl was the n positioned for viewing 
th e enclosed sample with a microsco pe. The pres­
sure was increased to co mpletely freeze the liquid 
and then slowly and carefully decreased to melt most 
of the crystals . The pressure was then increased suf­
fi ciently to grow the re maining crystals slightly in 
order to ensure that equ ilibrium between solid and 
Equid was attained. It was thi s point of solid-liquid 
equi librium that was tak en as the freezing point of 
the liquid , a nd the spectrum of the Ni(DMG}l was re­
corded. It was the general practice t hen to decrease 
th e press ure to allow th e solid to melt co mpletely , 
to refreeze the liquid, and to ubtain the condition of 
solid-liquid equilibrium a second tim e. Having thus 
ob tained two (o r more) measurements of the posit ion 
of the Ni(DMGh absorption band peak at th e liquid 
freezing pressure . the pressure was released a nd the 
position of the absorption band peak at 1 atm press ure 
recorded. In many in stan ces the cell was disassembled 
before this final measureme nt to ensure that no resid­
ual pressure was appli ed to the speci men. The a mbie nt 
temperature was recurd ed for each measurement. 
It was in this way that the data for th e calculation of 
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FIGURE l. Measured shift of the Ni(DMGh absorption band at the freezing pressures 
of various liquids at room temperature. 
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the a bso rption ba nd s hift , t!.. fJ, co rres pondin g to th e 
freezin g press ure for eac h li quid we re obtained. 

It was found thai e ith e r fin e ly ground pure N i (DMC)~ 
or a fin e ly ground mixture of Ni(DMG)~ and a n in e rt 
so lid s uc h as sodium chlo ride or s ilve r chlorid e co uld 
be used int.e rc ha ngeably for the determin at io n of 
s pectral s hifts . The latte r , spec ifi cally a mixture wi th 
sodium c hloride, was preferred because wh e n pres ed 
betwee n the di a mond anvi ls it gave the mos t-eas il y­
transferred film s . Pure Ni(DMG)~ film s wer e som e wh a t. 
brittl e a nd te nde d to brea k up when remova l from t.h e 
diam ond s urface was att e mpted. Valu es of t!.. fJ 
obta ine d we re found to be th e sa me whe the r pure 
Ni(DMGh or mi xtures in sodium c hlori de or s ilve r 
c hloride we re used. For the meas urement on water, 
whe re beca use of its so lubilit y sodium chlo ride co uld 
of course not be used , e ithe r pure Ni (DMC h or 
N i(DMGh in s ilve r c hloride was used. In th e co urse 
of thi s work seve ral d iffe re nt ba tches of N i(DMGh , 

, pre pared as previously described, we re used . t!.. fJ 
I va lues obtain ed fo r any liquid we re re produ cib le whe n 

a differe nt sa mpl e of N i(DMGh was used. 

J. Results 

Th e e xpe rim e nta l spectra l ba nci s hift dat a are give n 
in tabl e 1. It will be noted th a t each t!..v fi gure is th e 
res ult of meas ure me nts on a t leas t two differe nt sa m­
ples of li quid . Tn additi on, a numbe r of s uccess ive 
freezin g point meas ure me nts were mad e with eac h 
sa mple, to de te rmin e th e re produ c ibilit y for the sam-

pie. The freezin g pressure data are from Brid gma n's 
work , ex pressed here in kilobars .2 As indicated in 
ta ble 1, where possible , i.e., where s uffi c ie nt pressure ­
te mperature information was given in th e origin al 
re fe re nce, these freezing press ure data are for the 
same tem perature as that at which th e liquid was 
s tudied in th ese experim ents . 

For a ll of the liquids except water th e Ni (DMC)~ 
was diluted with sodium chloride (20% Ni(DMC)~ by 
weight). For th e meas ure me nts on water N i(DMG)~ 
(7% ) in silver c hloride was used . 

In fi gure 1 are plotted the data give n in table 1. 

Th e equation of t he bes t lin e throu gh the expe ri ­
me ntal points has bee n deri ved by th e me thod of 
leas t squares, us in g th e OMNITAB program POL YFJT 
[1 2]. It was found that a qu ad ra ti c equa ti on fitted the 
data quite we ll , except fo r th e me th anol point 
(t!..v=-4040 c m- I , /J= 30 kb a r). Bridgman was ab le to 
freeze me th anol only once and he noted fu rth e rmore 
th a t on tha t one occas ion t he freez in g was ve ry s lu ggis h 
L 11] . T hi s point was th e refore o mitted from th e fittin g 
process. Whe n thi s was do ne, th e leas t squares va lues 

for band c in th e equati on S iJ = bP + cF>2 were : 

b=- 158.9 

c =+ 1.82, 

for P expressed in ki lobars. (A co ns tant term was firs t 
in c lud ed . As expected it turn ed out to be non signifi cant. 

T AB I.E I . S hi!1 o! Ih e Ni( DMC}, absorp lion band at knowll /iquid freezing press/Jres 

Tempera· S am p ie 
Liquid lure o f Freez ing T e mpe ra · Hefe r· Mean s land a rd Numbe r (If 

m easure men t pres s ure lure ence me a s ured !1v de viat ion s ample s 
!1v 

°C Ic har °C cm - J :-t em - I 

l. Be nze ne . .. . .... ............ . . . 29 0 .834 29 (7 ) - 155 20 7 
2. Ca rbOln te trac hl Olrid e. . .. .. .. . .. . .. . 28 1.383 28 (7) - 227 20 11 
3. o· Xyle ne .. .. ..... . . 28 2.256 25 (8) - 338 8 3 
4. n -De c a ne . . .. . . . . .. .. . . .. . .. . . . ... .. . . .. .. . . . . 28 2.99 1 25 (8) - 490 0 3 
5. Il -Oc ta ne . . . . ..... . .. . . . .......... .. .. 25 5.403 25 (8) - 845 27 6 
6. C hI Ol roform .. .. ... . . . . .. .. . . . . ... .. .. .. ... . . . 27 5 .54 1 27 (7) - 852 ]3 5 
7. Wa te r ... 28 10.052 28 (9) - 1417.5 ] 5 4 
8. Il -He xan e . . . ..... ...... . 28.5 10.3% 30 ( 10) - 1433 46 3 
9. II- Hep ta ne . . .. . . . . . . . . . . . . . . 27 .5 11 .229 25 (8) - 1610 0 2 

10. n- Buta nOl I. .... ... . ..... . . .... . . . . 27 11.572 27 (11 ) - ],580 0 2 
11. Methy le ne c hIOlrid e . . . . ...... . 30 13.337 30 (11 ) - 1750 0 3 
12. II -PrOlr", 1 brom ide . .... . . .... 25 13 .729 25 ( 11 ) - 1770 0 2 
13. Ethy l bromide . ......... .. ..... 27 18 .437 27 ( II ) - 2.~ 1 5 7 2 
14. E th a no L . ... 25 19.6 13 25 ( II ) - 2450 14 2 
15. Metha no l . .. ......... ...... .. .. ..... ... .. , . 25 h 29.420 25 ( II ) - 4040 14 2 

a v" - 18900 em- I . 
h T hi s va lue for th e freezin g pressure of me th a nol appea rs to be cons ide rab ly tou low a nd was not e mployed in any cal c ul a tio ns. 

2 Ht'('cnl ex pt! rinH~ n l s indica te Ih al the press ures ass igned by Bridgman to lilt' lIler('ury 
freezi ng point and the hi s muth transition and t hen used hy him as fix ed pl)in15 in th e c ali ­
brat ion of nll.lnganin pressu re j!augcs a re abou t I perf-en! III ..... (5 . E . Babb . Jr.. in High 
Press llre M easurement. A. A. Ciardini a nd E. C. Llt)yd. Ecl s. IBull c rworlil s. Washin j!llIn. 

D.C. . 19631. p. 11 5), The refo re the liquid freezin g pressures determined by Brid /!man and 
used he re a re likely In he a pprux im alcly I pe rcf' nl luw. An in crease of I percelll in Ihe 
pressures would give Ihe follow in /! equal ion for d iJ : d iJ=- IS7. 3P + 1.78/}2. The c h an ~t'~ 
in Ihe equa linll are less Ihan Iht" siandard elTurs of Ihe b a nd c coe fficipnl s /!ivcn below. 
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Theoretically for P= 0, one must have Llv= O. The fit 
was then repeated assuming a zero intercept.) The 
standard errors of the band c coefficients were 3.3 
and 0.21 , respectively. The standard error of scatter 
about the fitted curve was 36, which was determined 
with 12 degrees offreedom. This equation (Llil = - 158.9 
P + 1.82 P2) was used to obtain the calculated curve 
of LliJ versus P shown in figure 1. 

The 90 percent confidence band about the calibra· 
tion line, also shown in figure 1, was obtained by 
computing 

Llv ± t.HO V(estimate of (T2) +(estimate of variance of Llv) 

where: 

Llv is the value of LlV- computed for a P, using the fitted 

increase the pressure until the anticipated phase 
change has been seen to occur. 

The experimental data for the shift of the Ni(DMGh 
absorption band (20% Ni(DMG)2 in NaCl) are given 
below: 

Mean Standard Number of 
measured deviation samples 

flli 

(em- I) (em- I) 
Acetone ........... -1335 6 4 
Methyl· 

4 cyclohexane ... - 1540 14 

Using the calibration curve, the following freezing 
pressure assignments can be made: 

equation; t.~JO is Student's- "t" for a confidence coef. Acetone .................. . 9.35 kbar±0.50 kbar 
ficient of 90 percent, for 12 deg of freedom; (T2 is the Methyl. 
variance of the error in measuring the future Llv. cyclohexane . ......... . 11.10 kbar ±0.55 kbar 

Now we have: 

" Variance of Llv=Var(bP+cP2) 

=P2 Var(b)+P4 Var(c)+2p:l Cov(b, c) 

= p2{Var(b) + [2Cov(b , c) ]P+ Var(c)P2}. 

In this case the equation for the 90 percent confidence 
band is 

Ll~ ± 1. 78 V1296 + p2 [l0. 7076 - 1.3371 P + 4.513 X 10-2 P2]. 

The (T2 estimate, 1296, is obtained from the standard 
error of scatter about the fitted curve, which was 36, 
and allows for both the experimental error in a meas­
ured Llvand the error due to lack of fit. 

4. Discussion 

The calibration c urve for the shift of the Ni(DMG)2 
visible absorption band as a function of pressure, based 
on 14 known pressure points, has been obtained. In 
addition, the 90 percent confidence band about the 
calibration line has been computed. Use of this curve 
permits the assignment of pressures corresponding to 
meas ured Llv values. The confidence band indicates 
the limits within which an assigned pressure is known. 

The use of the calibration curve can be illustrated 
with the determination of the room-temperature freez· 
ing pressures of two liquids: acetone and methylcyclo· 
hexane. Bridgman noted the freezing of acetone but 
was unable to obtain a sample of sufficient purity to 
make an accurate determination of the freezing pres­
sure [7J. He also studied methylcyclohexane and 
reported the liquid-solid transition not reproducible 
[8]. No difficulty in freezing methylcyclohexane was 
encountered here, largely because the design of the 
diamond cell permits the visual observation of the 
sample and the investi gator can simply continue to 

The ± values represent the 90 percent confidence 
intervals. 

As was stated earlier, in the determination of the 
best equation for the calibration curve it was found 
that a satisfactory fit to the experimental data could 
be had by excluding the point for methanol. On ex­
amining the curve thus obtained (fig. 1), it is readily 
noted that a spectral band shift of - 4040 em-I, the 
shift measured for methanol at its freezing point, would 
correspond to a pressure much greater than the value 
of 30 kbar reported by Bridgman [11]. It is suggested 
therefore that the room-temperature freezing pressure 
of methanol is not 30 kbar, but that on the basis of the 
experimental data presen ted here, it is not less than 
38 kbars. This estimate is based on linear extrapola­
tion of the curve of fi gure 1 from the highest experi­
mental points. The maximum in this curve is not mean­
ingful but is a fictitious maximum imposed by the 
polynomial used to fit the data. In as much as the 
curvature is positive the linear extrapolation is not 
expected to overestimate the freezing point. 

As mentioned earlier, the shift of the visible ab­
sorption band of Ni(DMG)2 with pressure has been 
reported by Zahner and Drickamer [2] . It should be 
noted however that , within the range of our experi­
ments, the pressures given by these authors for any 
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D.v are not in aareement with the results of the meas· 
ure me nts made in thi s laboratory. In fact, up to our 
highes t measured D.v for which the pressure is known 
(- 2450 e m- I), th eir pressures are about 50 perce nt 
greater than our values. The freezing point data from 
Bridgman on whic h a number of our pressure points 
have been based were determined by him under true 
hydrostatic conditions. The present data also we re 
obtained under purely hydrostatic conditions, while 
those of Zahner and Drickamer were not- Therefore, 
it see ms that in this range the nonhydrostati city might 
contribute to an overestimate of the pressure by 
about 50 percent-

The author is indebted to J. Mandel for aid in the 
statistical analysis of the data and to C. E. Weir for 
many helpful co mments and sugges tion s. 
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