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perfluoromethylcyclohexane and carbon tetrachloride

Issam R. Abdelraziq
Physics Department, An-Najah National University, Nablus, West Bank, Israel

(Received 27 July 1998; accepted for publication 1 June 1999

The results of ultrasonic absorption and velocity measurements for the system
perfluoromethylcyclohexane-carbon tetrachloride are presented. In addition, viscosity
measurements were made. Ultrasonic absorption at 5, 7, 10, 15, 21, and 25 MHz, above critical
temperaturel;, is analyzed using the dynamic scaling theory of Ferrell and Bhattacharjee. The
values ofa/f2 vs f~ 1% show a good agreement with the theory. The experimental valuesagf

for the binary mixture are compared to the scaling funcB¢w*). © 2000 Acoustical Society of
America.[S0001-49689)02409-1

PACS numbers: 43.35.5HEB]

INTRODUCTION where b represents the contribution of the frequency-

. . independent background absorption. Bawalue is given b
There are several theories available to analyze ultrasonic P g P 9 y

absorption measuremerits: However, in this article, the dy- S=[{mCpcg?vc0d/{22y T.Ca(tp}H[awel2m ], (2)

namic scaling theory of Ferrell and Bhattachatjseapplied . )
Here 0ce=0.11 andzy=1.9 are the critical exponen’k:pc is

to analyze the absorption and velocity data for the critica " . . . .
binary mixture of perfluoromethylcyclohexane and carbonthe critical amplitude in the following expression for the spe-

tetrachloride. This binary mixture has an upper critical tem-Cific heat at constant pressure of a mixture of critical
perature T, of 301.622 K and a critical composition of COMPosition.
0.5527 volume fraction carbon tetrachloritle. Cp=Cpct "=+ Cpp. 3

In the literature, the available ultrasonic absorption data - )
are not enough to evaluate measurements using the dynanfieb i the background specific heat=(w/wo)'™*" is a
scaling theory. The ultrasonic absorption was measured b§imensionless scaling factor of order untye, is a charac-
Kruug® for the frequencies 3.5, 10.0, and 16.6 MHz at theteristic temperature-dependent relaxation rgtes the adia-
critical temperature and two other temperatures. Accordbatic coupling constant is the adiabatic sound velocity at
ingly, in the present work further absorption data are meaJc. andCy(t;) is the.specmc heat at a chgractenstlc reduced
sured for an extended temperature range 301.62—333.16 Mperaturet;, which can be approximated by=(T
and frequency range of 5—25 MHz to support FB theory__Tc)/Tc va_Iue at whicha/(crit, T.)/f2 for a given frequency
which enables us to measure and calculate some thermody one-half its value af 7 _
namic quantities. The experimental results of absorption are  The adiabatic coupling constagt was introduced by
compared to the prediction of the dynamic scaling théory. Ferrell and Bhattacharjee and is giverf by

'I_'he theory indicates that/ « ir: Eq. (10) should be a_func- 9=pcCol (AT /dP)— (Tay/pCyp)]
tion of the reduced frequenay*, and should scale with the
scaling functionF (»*). =(CpcapcTc/Cpe) —appT, (4)

The shear V|sco§|ty of the perfluoromethylcyclohexaqg\Nherepc is the density at critical temperature and concentra-
and carbon tet.rachlorlde asa funcuop of.temperature at Cr'.t't'ion, ay is the isobaric thermal expansion coefficient which
cal concentration has also been studied in order to determi P
the value ofwg in Eq. (2). The critical amplitudes of the
shear viscosity, mutual diffusion coefficient, thermal expan-  ap,=apt™ ®+ apy. (5)
sion, and specific heat of the mixture have been obtainech
The adiabatic coupling constagtand the change in critical - o
temperature with respect to pressuT{/dp) are calcu- parts of the therf“a' expansion cqefﬂments.
lated. In addition, values of adiabatic and isothermal com- The absorptlor_w coeﬁ|C|er@(crlt,Q,T) can also be ex-

pressed as a function of the dimensionless reduced frequency

pressibilities are calculated *
w,

w* =owlwp=27flwyt*?, (6)

"&n be represented by a power law of the form

ote thate,. and ap, being the critical and background

|. THEORETICAL CONSIDERATIONS
_ _ _ wherewp is given by
In the dynamic scaling theory the total absorption coef-

ficient at the critical temperature and concentration can be  @p=KgT/37 &%= (KgT /37 7oéPt?Y = wot?”. (7)

simply expressed s Herekg designates Boltzmann’s constant, and the correlation

a(crit, T)/f2=Sf 1064+ p, (1)  length¢ and the shear viscosity are given by
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gz got_y (8) 2000 ® S5MHz
and & TMHz
1750 B 10MHz
n=not 77, 9 o +  15MHz
wherex, =0.06 is the critical exponent. ‘Tm 1500 : :;:::
The expression for the critical term of the absorption as &
a function of reduced frequenay* is* € ias0- ;
~
a(crit,w, T)/ a(crit,w, To) = al a=F(w*) "-o »
™ 1000+ »
:(1_’_&)*70.5)72’ ~ g
(10) - e
- 750 | d
where a(crit,,T) is the critical term at critical concentra- 3 e
tion and temperature, and a(crit,w,T.) is the critical term s00. %‘:..
at critical concentration and critical temperatdrge. %-.“
The isothermalB; and adiabaticBs compressibilities Atay 0,
and specific heat at constant volur@¢ can be represented 2507 Sady € A e
under the assumptions that all the quantities are expressed & ® 2 g ¢ 3 g 3
power laws of the forrtt —— 8 8 & &
20 25 30 35 40 45 50 §5 60 65
Br= Bt By, (11
Bs=Bst %+ Bsp, (12 Temperature T(OC)
C,=C,ct ®+Cyp, (13 FIG. 1. Temperature dependenceddff? for the critical binary mixture of

. perfluoromethylecyclohexane and carbon tetrachloride.
where B+1¢, Bse, Cye and By, Bsp, Cyp are critical and

background parts of the mentioned quantities, respectively.
of (dT./dP) and (@T/dP)s, the adiabatic coupling constant

Il. EXPERIMENT gis 9'22&0'008’, SO tt]e corresponding value $fis 1.28
X107 7+0.09<10 " ecm %% Kruu® has measured the

The purified carbon tetrachloride CCand perfluorom-  absorption coefficient for £, ,—CCl, binary mixture for the

ethylcyclohexane @, were obtained from Fisher Scien- frequencies 3.5, 10.0, and 16.6 MHz at critical temperature

tific. The chemicals were used without any further purifica-and two other temperatures. His data were evaluated using

tion. The absorption and velocity measurements were madge Fixman’s theory and./f? is plotted versus ~ € along

with a Matec pulse-echo system. The shear viscosity was

measured using a Brookfield digital viscometer. Setup and

operational procedures are discussed in our previous

papers->~—17

1800

1600 -
Ill. RESULTS AND ANALYSIS

The binary mixture &F,—CCl, has an upper critical
temperature of 301.622 K and a critical composition of
0.5527 volume fraction carbon tetrachlorid@he thermo-
static control error wast0.01 °C. The absorption measure-
ments were made for the frequencies 5, 7, 10, 15, 21, and 25
MHz in one region starting at 60 °C toward critical tempera-
ture T,=28.47 °C.

In Fig. 1 the temperature dependence of the absorption 1000 -
alf? for the critical binary mixture of @,,—CCl, at six
different frequencies are shown. The error in the absorption
measurements was less than 3%. 800

Figure 2 shows a plot of absorptiam./f? at critical
mixture and temperatur@, vs f~ 2% A |east-square fit
yields an experimental slopeS of 0.99x10 ’+0.08 600 L e e
xX10 "cm 1% and an intercept of 529.2510 7 ¢ T2 s e s s T8 s 0
cm 1s? which represents the frequency-independent back- .06 .5
ground term ofa./f2. The data form a straight line as pre- (107027

dicted by FB theory. The calculated value®tising Eq.(2) FIG. 2. a./f? values versu$ 1% at T, of Kruus (Ref. 6 data along with

and the calculated value af= 0_-15& 0.009 is S=0.74 4 data for the critical mixture of perfluoromethylecyclohexane and carbon
X 10 7+0.08< 10 " cm 1% Using our calculated values tetrachloride.

1400 4

1200 4

o/ (1077 em's?)

A Kruus data

® our data
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FIG. 3. Plot ofa/ a. versus the reduced frequeney. The smooth curve is Temperature T (C)

. . o
the scaling functior(«*) given by Eq.(10). FIG. 5. The velocity versus temperature at critical concentration at three

different frequencies.

with our data as shown in Fig. 2. From a least-square fit of
his data, the slope i§=1.01x 10 " cm 1% and the inter-
cept is 516<10 ’cm 1s?. Our values(absorption, slope,
and interceptshow good agreement with Kruus’s data. For
example, at frequency 10 MHz anid=28.37 °C his mea-
surement of absorption is=900x 10 *"cm 1<%, and our
measurement at the same frequency and temperdfure v=662.03-3.44T—T,) in m/s for 5 MHz,
=28.50°C is 89K 10 *cm s

The experimental values aoff « at different frequencies
are plotted versus the reduced frequeadyalong with the

of 5, 15, and 25 MHz yields the values of critical velocities
and slopes at different temperatures. The sound velocity as a
function of temperature at a critical concentration can be
expressed by

v=663.84-3.44T—T,) in m/s for 15 MHz,

theoretical curvd-(w*) as shown in Fig. 3. The value af, 680
was calculated using the measured shear viscosity ® 7285
_ Fa A ; ; m T=35
=0.737= 0.01_2 centipoise shown in Fig. 4. N 6707 | o 1ocs Ve 66033 + (0:20)
The velocity versus temperature and frequency at critical
concentration are shown in Figs. 5 and 6. A least-square fit 650
1 T T v T T —~
@ 650
1 £
- =~ v =639.70 + {0.15}
098 - 1 .
640
0.96 |- : >
_ i 3 630
S oes | . s
N
& F 1 620+
0.92 - 9
i v=60500+ (021)f
09 . 6107
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A
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FIG. 4. The measured values of the shear viscos(iyp) vs t~%%for the FIG. 6. The velocity versus frequency at critical concentration at three dif-
critical mixture of perfluoromethylecyclohexane and carbon tetrachloride. ferent temperatures.
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Using this value and the two-scale factor universeflity,!,C
andC can be calculated, where

go[a’ccpc/kB] V3= fO[CETcapc/kBT(,:]yg: 0.270.

The density data for the critical mixture of,l,—CCl, as a
function of temperature has been reported by Dage#l*®
From their density data, Fig. 7, the slopep(*/dT), has
been estimated from the linear fit pf  at various tempera-
tures, where dp~'/dT),=9.58<10 *cm¥/gK. Using the
thermal expansion coefficiendszp(ﬂp‘1/(9T)p and the
power law ofa,, Eq.(5), yields a value ofy,,. The values

of the thermal expansion and specific heat are then calculated
to be

a,=2.683< 10t %1+9.795¢10 4 K1,
C,=0.128<10"t~%1+0.818< 10" erg/gK.

The thermodynamic quantitie€,., Cpp, apc, app,
T, and dT./dP)=T/ enable us to determine the adiabatic
coupling constang and the thermodynamic quantities men-
tioned in Eqgs.(11), (12), and(13). Some measured and cal-

. .1 " \- ¢ -
FI_G. 7. The reciprocal density™* versus the temperature for thg cntlca_l culated quantities are given in Tablédl.
mixture of perfluoromethylecyclohexane and carbon tetrachloride. Points

represents the data obtained by Daretlial. (Ref. 18.

v=667.58-3.55T—T;) in m/s for 25 MHz.

IV. CONCLUSION

It can be seen from Fig. 1 that the absorption coefficient
for the critical concentration increases as the critical tem-

The error in the velocity measurements was less than 0.2%erature is approached from the high-temperature region for

No anomaly was observed near the critical temperature.
The regular part(backgroungl of the specific heat at

constant pressure has been given by

Cpp=0.818x 10" erg/g K.

TABLE I. Some measured and calculated values.

all frequencies. The velocity for the critical mixture increases

with increasing frequency. This indicates the dispersion in

the sound velocity as expected for binary liquid mixtures.

The experimental values af* for the critical binary mixture

at different frequencies show good agreement with the theo-

Quantity Measured Calculated From references

Te (K) 301.622

& (A 2.28

70 (cp) 0.737

o (Hz) 4.73< 100

D, (cn/s) 1.31x10°°

pe (glen?) 1.63%

v, (cmls) 66 220

ape (K™Y 2.683<10°4

app (K1 9.795x 10~ *

Cpc (erg/gK) 0.128 10’

Cpb (ergligK) 0.818x10"@

(dT./dP) (cnmPK/dyne) 3.87%10°8

(dT/9P) (cr? K/dyne) 2.636<10°8

S (cm ™% 0.99x10°7 1.28x10°7 1.01x10 ™
0.74x10°7

g 0.158

Bre (cm?ldyne) 1.0410 1

Bty (crP/dyne) 50.6% 10 !

Bsc (cmP/dyne) 0.1x10™ 1

Bsp (crP/dyne) 48.46¢10 1

C. (erg/lgK) 0.108¢ 10’

C,p (erg/gK) 0.78% 10

aReference 5.
PReference 19.
‘Reference 18.
‘Reference 6.
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