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Melting Points of Ethane and Three of Its Deuterated Modifications 

LOWELL J. BURNETT and BURTON H. MULLER 
Department of Physics, University of Wyoming, Laramie, Wyoming 82070 

A pulsed nuclear magnetic resonance method has been used to determine both the 
apparent melting point and the impurity correction for samples of ethane and three 
of its deuterated modifications. The true melting points were found to be: CH,CH:, 
89.82O K., CH,CD, 89.13O K., CHD,CHD, 89.89O K., and CHD,CD, 89.82" K. 

I N  T H E  PAST,  considerable confusion has surrounded 
a n  accurate determination of the melting point of eth- 
ane. As late a s  1960, the  Handbook of Chemistry and 
Physics (6) quoted a value of 101.2"K., measured a t  
the tu rn  of the century ( 7 ) .  Results obtained later,  
notably 89.4'7" ( 1 1 j ,  89.89" ( 1 2 ) ,  and 90.35' K. (3), 
have slowly been incorporated into reference books dur- 
ing  the last ten years. As late as 1949, Gutowsky e t  al. 
( 5 )  quoted the melting point of ethane as 101.0" K., 
while reporting the  observation of a narrow liquid-like 
nuclear magnetic resonance line a t  about 91" K. 

I n  the course of a t tempts  to understand spin-lattice 
relaxation in liquid and solid ethane ( 4 ,  8 ) ,  the authors 
learned of this uncertainty in the ethane melting point 
and were unable t o  find any  melting point measurements 
for  the deuterated modifications of ethane. To measure 
these melting points, a nuclear magnetic resonance 
(NMR) technique ( 1  ) was developed which appears to 
give both the melting points of the samples and the t rue  
melting points a s  reliably a s  the  conventional heat 
capacity method ( 1 2 ) .  By the  t rue  melting point of a 
substance, the authors mean the  melting temperature 
of a sample of tha t  substance whose impurity content 
is small enough or innocuous enough to have no measur- 
able effect on the experimental determination of this 
temperature.  

EXPERIMENTAL 

The melting points and their  impurity corrections 
were determined using this pulsed NMR method. Ac- 
cording to the Raoult theory of impurity premelting 
(10  j , the fraction of t he  sample which is liquid, A ( T ) ,  
at any  temperature T below the apparent melting point, 
( T m ) A ,  follows the equation 

where A is equal to the difference between T,, the t rue  
melting point, and (T!,l)A. 1 is  also proportional to the 
fraction of impurity molecules which depress the melt- 
ing  point-that is, of a type soluble in the melt but not 
appreciably soluble in  the  crystals-and the propor- 
tionality constant is  the  (mole fraction) freezing point 
depression constant. A ( T )  is  measured directly by ob- 
serving the amplitude of the spin echo of pulsed NMR. 
The two parameters, (Tr,l)A and 1, a re  adjusted for a 
best fit to the experimental points and then added to 
provide the t rue  melting point. F o r  samples of ethane 
of reasonable purity,  C.P. grade, neither the validity 
of the  method nor the t rue  melting points obtained 
depend upon the sample purity (I). 

The CH,,CH, sample was prepared from Phillips 
Petroleum Co. research grade ethane. As with all the  
samples, i t  was exposed to a Misch metal getter in order 
to remove paramagnetic oxygen ( 8 )  and then sealed in 
a glass sample tube of 3.5-mm. i.d. and approximately 
80-mm. length. Thus, all our  measurements were taken 
along the vaporization curve. The melting range f o r  
this sample (F igu re  1) was about O.l"K., and i ts  im- 
purity correction was 0.007" K. Consequently, this sam- 
ple is considerably purer than tha t  of Wi t t  and Kemp 
(22),  and of comparable purity to tha t  of Clusius and 
Weigand ( 3 ) .  The CH,CD,, CHD,CHD2, and CHD,CD, 
samples were obtained from Merck, Sharp,  and Dohme 
of Canada, Ltd.  The overriding impurities in these 
samples were reported by the manufacturer to be other 
deuterated modifications of ethane. Analysis by the Na- 
tional Bureau of Standards of the lots from which our 
samples came indicated tha t  each contained 93 t o  95% 
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Figure I .  Reciprocal of liquid fraction as a 
function of temperature for CH3CH3 

- Fit of Equation 1 to points 
--_ Temperature of a data point obtained for sample just 

after it had been liquified. This represents 
an upper bound to ( T , , , ) . t  

of the  appropriate deuteration and approximately 7 t o  
5 %  of a deuteration containing one less deuteron. The  
impurity corrections and X ,  the  inferred mole per cent 
of liquid-soluble solid-insoluble impurit ies present in 
these samples a s  found in this  work, a r e  given in Table 
I. To  obtain the  impurity content, the  freezing point 
depression constant for  ethane was calculated to be 
23.5" K. from a knowledge of the heat of fusion ( I .%?) ,  
assumed to be the same for  all the ethanes. While the  
heat of fusion is  dependent to  some extent on the im- 
pur i ty  content, the consequent variation of the  heat of 
fusion has  a negligible effect on our  measurements. 

The  most important considerations for  any melting 
point measurement a re  the  homogeneity and stability of 
the  tempera ture  of t he  sample and the  accuracy of the 
determination of t he  sample temperature.  A liquid oxy- 
gen bath was used to control the sample temperature,  
a s  the  boiling point of oxygen is very close t o  the  melt- 
ing  point of ethane. A block diagram of t h e  system used 
to  control and measure the  temperature of t he  sample 
is shown in F igure  2. The pressure over the oxygen bath 
was controlled by a Cartesian manostat ,  which will 
maintain a differential pressure to within i 0 . 1  mm. of 
mercury. I n  this application, where the  fluctuations in 
pressure f rom the evaporating liquid were very small, 
control of the differential pressure was considerably 
better.  

The copper NMR coil and a copper sheath encased the  
sample tube with wires extending from the  sheath to 
the  copper sample case. These wires were in direct ther- 
mal contact w i th  a National Bureau of S tandards  cali- 
brated platinum resistance thermometer (F igu re  3 ) .  

I N M R  I 
SPEC T ROM ETE R 

Figure 2. Diagram of melting point 

TH 

A I II 

measurement system 

ERMOMETER 

COPPER 
WIRES 

IkYI 
t 

Figure 3. Cross section of sample case showing 
sample and thermometer placement 

A, 108 mm.; B, 18 mm.; C, 5 mm. 

The resistance of the platinum thermometer was read 
on a Honeywell Rubicon Model 1551 Mueller bridge, 
recently calibrated by the  Honeywell Co. The copper 
case minimized temperature gradients in the  immediate 
oxygen bath. To minimize the hot spots common to 
temperature-controlling baths, copper wires were also 
s t rung  longitudinally along the Dewar. 

An indication of the  stabil i ty of this temperature 
system is provided by the experimental points obtained 
directly below the  apparent melting point for some of 
the  purer  samples. In CH3CH3, for  example, t he  NMR 
spin echo signal height changes by a factor of 5-e.g., 
from 2 to 10 volts-over the 0.02" K. immediately below 
the  apparent melting point. During. the tak ing  of da ta  
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Figure 4. Reciprocal of liquid fraction as a 
function of temperature for CH3CD3 

- Fit of Equation 1 to points 

points in this region, t he  signal height did not change 
by more than 0.2 volt dur ing  a 10-minute period. This 
corresponds to a short-term stability of better t han  0.5 
millidegree Kelvin. Long-term stability over hours is  
evidenced by the  fac t  that ,  while taking these points, 
the temperature of the  sample never drifted above i ts  
apparent melting point. Since ethane supercools, the 
sample, once melted, would have remained all liquid and 
the amplitude of the NMR signal would have made this 
obvious. 

By the  same technique-Le., the use of the NMR sig- 
nal from the sample a s  a very sensitive thermometer- 
the thermal relaxation t ime of the temperature system 
was measured. Af te r  a change of temperature from T = 
(Tm)A - 0.1"K.  to approximately T = ( T , , z ) . 4  - 0.02"K., 
the time for  establishing equilibrium was on the order 
of 30 to  45 minutes. Consequently, approximately 4 
hours were allowed to lapse before a da ta  point was 
taken. 

RESULTS AND DISCUSSION 

Figures 1, 4, 5, and 6 present the melting data 
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Figure 5. Reciprocal of liquid fraction as a 
function of temperature for CHD*CHD2 

- Fit of Equation 1 to points 

observed for CH,CH,, CH,CD,, CHD,CHD,, and 
CHD,CD,, respectively. These a re  plots of [ A  (T) 13  
ws. T which yield, according t o  Equation 1, s t ra ight  
lines with slopes -A-1 and intercepts of (T,,,) A at A (T) 
= 1. Estimated errors for the temperature (*0.01" K.) 
and for  the reciprocal of the amplitude of t he  signal a r e  
shown for  each point. During the t ime of a NMR read- 
ing, about 15 minutes, the temperature a s  determined 
by the platinum resistance thermometer wandered typi- 
cally by 0.001" K. and never by more than 0.003"K. 
Thus, 0.01" K. is a conservative estimate of the random 
er ror  in the temperature.  Uncertainties in [ A (  T) 1-l 
reflect the decreasing signal-to-noise ratio of the NMR 
signal a s  the liquid fraction decreases. 

The solid lines on these graphs were obtained by the 
"Least-Squares F i t t i ng  of a S t ra ight  Line" method of 
York ( 1 3 ) .  This method minimizes the  sum in the fol- 
lowing equation : 

where Xi, Yi a re  the observations, "(Xi), 0 ( Y i )  are  the 

Table I. Melting Points of Ethane and Three of Its Deuterated Modifications 

Apparent True 
Melting Impurity, Mole % Melting 
Point, Correction, Impurity, Point, 

Sample (Trn)~, O K. A ,  " K .  X T,, O K. 

CH3CHa 89.809 f 0.009 0.007 f 0.001 0.03 5% 89.82 k 0.03 
CH3CDa 89.050 i 0.005 0.083 i 0.002 0.367c 89.13 i 0.03 
CHDZCHD, 89.876 f 0.011 0.017 i 0.003 0.07 7c 89.89 f 0.03 
CHD*CD, 89.798 f 0.004 0.023 i 0.001 0.09$, 89.82 f 0.03 
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Figure 6. Reciprocal of liquid fraction as a 
function of temperature for CHDaCDR 

- Fit of Equation 1 to points 
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weights of the  various observations, and x,, y, a r e  t h e  
adjusted values of X,, Y ,  which lie on a s t ra ight  line 
and make S a minimum. The  weight  of each observation 
was  taken t o  be the  reciprocal of t h e  square of i t s  esti- 
mated uncertainty,  This  method takes into account 
e r rors  in  both X, and Y ,  in  a na tura l  manner .  The  un- 
certainties presented f o r  A and for  (T , , , )  .1 a r e  t h e  s tand-  
a r d  deviations given by this  least-squares program. 

The  melting point measurements a r e  presented in 
Table I. The  uncertainties quoted in t h e  last column 
a r e  es t imates  of the  total  inaccuracy, reflecting both 
the  uncertainty in  the fit of Equat ion 1 t o  the  da ta  and 
a n  est imate  (20 .02"  K. )  of t h e  uncertainty in absolute 
temperature. The  calibration of t h e  platinum resistance 
thermometer  was  accurate to within k 0 . 0 1 "  K. and t h e  
Mueller br idge e r r o r  of *0.02% leads to a temperature  
uncertainty of f0.01" K. 

Although no other  melting point measurements exist  

f o r  t h e  deuterated ethanes,  the  present  results f o r  
CH,CH, may be compared with the two commonly 
quoted values. These two measurements yielded 89.89" 
* O . l O n  K. ( 1 2 )  and 90.350 * 0.03" K. ( 3 ) ,  and were 
determined b y  the  most common method-Le., dur ing  
heat  capacity measurements. The  present value of 
89.82" +- 0.03" K. i s  consistent with t h e  former,  bu t  
differs significantly f rom t h e  latter.  

Melting point measurements have been made on 
methane and some of i t s  deuterated modifications ( 2 ,  
3 )  ; the  melting point differences between isotopic varia- 
tions of methane a r e  roughly t h e  same as those f o r  
ethane, However, as pointed out by Ubbelohde (IO), 
the  melting process is  not well enough understood to 
explain the melting point differences observed f o r  iso- 
topic variations of molecules. 

ACKNOWLEDGMENT 

The au thors  thank Ralph Shuey and Michael Mc- 
Clintock for  helpful a n d  s t imulat ing discussions about 
th i s  work. 

LITERATURE CITED 

Burnett, L. J., Muller, B. H., Nature 219, 59 (1968).  
Clusius, K., Popp, L., 2. p h y s i k .  Chem.  B46, 63 (1940).  
Clusius, K., Weigand, K., Ib id . ,  B46, 1 (1940).  
Denison, A. B., Muller, B. H., Bull. Am. Phys. SOC. 
10,506 (1965) .  
Gutowsky, H. S., Kistiakowsky, G. B., Pake, G. E., 
Purcell, E. "I, J .  Chem.  Phys .  17, 972 (1949).  
Hodgman, C. D., ed., "Handbook of Chemistry and 
Physics," 41st ed., p. 971, Chemical Rubber Co., Cleve- 
land, Ohio, 1959-60. 
Ladenburg, Krugel, Ber. Deut.  Chem.  Ges. 33, 637 
(1900) .  
Muller, B. H., Harmon, J. F., Phys .  Rev.  182, 400 
(1969) .  
Sandhu, H. S., Lees, J., Bloom, M., Can. J .  Chem.  38,  
493 (1960) .  
Ubbelohde, A. R., "Melting and Crystal Structure," 
pp. 224, 37, Clarendon Press, Oxford, 1965. 
Wiebe, R., Hubbard, K. H., Brevoort, M. J., J .  Am. 
Chem.  SOC. 52, 611 (1930) .  
Witt, R. K., Kemp, J. D., Ibid. ,  59, 273 (1937).  
York, Derek, Can. J .  Phys.  44, 1079 (1966). 

RECEIVED for review February 28, 1969. Accepted August 30, 
1969. Acknowledgment is made to the donors of the Petro- 
leum Research Fund, administered by the American Chemi- 
cal Society, and to the National Science Foundation f o r  
partial support of this research. 

Journal of Chemical and Engineering Data, Vol. 15, No. 1, 1970 157 


