










TAB L E 2. Results of heat-capacity experiments-Continued 

(Int. jfg or into jig-CO 

Date 

1-7-42. ___________________ .. _________ 
Do ______________________ __ _____ 

1- 9-42 ____ __ ____ _____________ __ ___ __ 

J- 13-42 _______________ .. _____ . ______ _ 

Do ______________ oo oo __ . _ oooo __ oo 
1- 15-42 _____ __ __ oo ___ oo _____________ _ 

1- 21-42 ____________ oo ______ oo _______ _ 
Do _____________________________ _ 

1- 22-42 __ ___________________________ _ 
1- 27--42 ___________ ___ _______________ _ 

Do _____________________________ _ 

2-3--42 _____________ oo _______________ _ 
Do _________________ oo _________ __ 

2-~42_oo ___________________________ _ 
Do _______________ oo __ oo _______ oo 

Mass Heat function 

3-METHYLHEPTANE 

4 .8831 
O/ll']' _______________________________________ 172.04 

48. 8831 
O/llT _______________________________________ 172. 16 

2.8493 
Q/ll']' __ __ ___________________________________ 73. 80 

["AT --___ -_____ -__ __ _ ______ _______ 2. 1354 

",AT 0. 9017 
llI-I/ll T __ _______________ ________ ____________ 2. 1371 
C •• t . (observed) _____ ___________ ______ ______ 2.1370 
C .. t . (calculated) __ __ ________________ ___ __ __ 2. 1372 
o bserved-calculated ________________________ - 0.0002 

4- METHYLHEPTANE 

49. 0380 O/ll T _______________ oo _____ oo _. __ . __ oo ______ . ___________ 

49.0380 Q/ll T _____ oooo oo ____ oo oooo oo ________ oo ____________ oooo __ 

2. 9001 Q/ll?' ______ oo ________ oo _________ oooo ________ oooooo ______ 

CAT ff:~~iliL~~~·~ ~.~~ ••••••••••••• ~~ ••••••••••• 
~~DIMETHYLHEXAl E 

45.9489 Q/ll'l' _______________ oo ________ oo ____ oo oo oooo oooo_oooo_oo 

45. 9489 O/ll T oo _ oo __ oooo __ oo oo oo __ oooo ___ oo __ oo _______ oo _ oo __ oo_ 
45. 9489 O/ll T oo _ oo oo ____ oo _____________________________________ _ 
2.8539 O/ll T ________________________ oo _______________ oo ______ __ 

2. 8539 fI/ll T oo ________ oo_oo ______ oooooo oo ____ oo oooo oo _____ oo ___ 

[

lla/ll T _________ oo ____________ oo ___ oo _________________ __ 
llfJ/ll T _____ ______________________________ oo ________ oo_oo 
llH/llT ____ oo __ _____________________________ oo _________ . 

C •• t • (observed) ________ oo ______ oo _____________________ _ 
Cut. (calculatcd) _______ oo_oo __ _________ oooo _______ oo __ _ 
Observed-calculatcd _________________________ . _________ . 

n- NONANE 

J73. 25 
173. 34 

74. 13 

2.1542 
0. 0022 
2. 1564 
2.1563 
2. 1560 

+0.0003 

172. 02 
172.26 

73. 90 

2. 1293 
0. 0033 
2. 1326 
2. 1325 
2. 1326 

- 0.0001 

164. 79 
164.90 
164. 72 

73.72 
73. 82 

2. 1124 
0.0046 
2. 1170 
2. 1169 
2. 1167 

+ 0.0002 

58.8662 Q/ll T ___________________________________________ oo ______ __ oo _______ _ 

58. 662 Q/ll T oo _____ oo_oo __________ oo ______ oo_______ ________ ____ 194. 99 
2. 269 Q/llT ______________________ oo_ _____ ___ _ _ _ _______ __ _ ___ __ 73. 68 

2. 269 Q/llT _________________________________ oo __________ oo____ 73.70 

[

lla/ T ________________________________________________ __ _ 
llfJ/ll'l' _____ ___________________________________________ __ 
llH/llT ________________________________________________ _ 

Coat. (obscrved) ______________________________________ __ 
C .. t. (calculated) ______________________________________ _ 
Observed-calculated __________________________________ __ 

2. 1646 
0. 0008 
2. 1654 
2. 1654 
2.1654 
0. 0000 

Heat of Vaporization of Hydrocarbons 

174.45 175. 64 
174. 52 175.74 

74.45 74.81 

2.1731 2.1914 
0. 0027 0.0034 
2. 1758 2. 1948 
2.1756 2. 1946 
2. 1754 2. 1952 

+0.0002 - 0. 0006 

174.72 177. 27 
174. 77 177. 30 

74.57 75. 24 

2. 1712 2.2117 
0. 0051 0.0078 
2.1763 2.2195 
2.1761 2.2192 
2.1758 2.2195 

+0.0003 -0.0003 

167.22 169. 78 
167. 30 169. 70 
167. 18 169. 64 
74.46 75. 12 
74.53 75.22 

2.1519 2.1937 
0. 0071 0. 0106 
2. 1590 2.2043 
2. 1588 2.2039 
2. 1594 2.2033 

- 0.0006 +0.0006 

197.36 199.84 
197. 45 199. 92 
74. 34 74. 92 
74.39 74.98 

2.1956 2. 2293 
0. 0014 0. 0023 
2.1970 2. 2316 
2. 1970 2.2316 
2.1970 2.2316 
0. 0000 0.0000 

176.90 
176. 94 

75. 10 

2~"] 0.0041 
2.2160 
2.2157 
2. 2155 

+ 0.0002 

179.84 
179.84 

75.90 

2_] 0.0114 
2. 2642 
2. 2638 
2.2637 

+0. 0001 

172. 15 
172. 16 
172. 16. 

75.94 
75. 89 

2=] 0.0152 
2. 2485 
2. 2479 
2. 2481 

- 0. 0002 

202.45 
202. 49 
75.49 
75.53 

2W$] 0. 0037 
2. 2693 
2. 2693 
2. 2693 
0.0000 

473 



Date 

2- 8-42 __________________ - - - - - - --- - - --
2-12-42 ______________________ - --- - ---

2- 14- 42 _______ ________ __ --- - - -- - - - - --
2-17-42 ____ _____________ __ __ - -- - - - ---

2- 19-42 ___________ __________ - - - - - - - - -
2- 21-42 _______________ ________ ______ _ 

2- 24-42 ____________________________ _ _ 
2- 25-42 ______________ ___ ____________ _ 
2- 27-42 __ ________________________ ___ _ 

Do _________________ ___ _______ __ _ 

3-6-42 ________________________ ___ ___ _ 

3- ll-42 _______________________ ______ _ 
Do _____________________________ _ 

3- 14-42 ___________________________ - __ 
3-16-42 ___________________________ __ _ 
3-16-42 ________ __________ ___________ _ 
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TABJ.E 2. Results of heat-capacity experiments-Continued 

(Int. jig or into j/g_ OC 

Mass Heat fun ction 

10° to 15° / 150 to 20° / 20° to 25° I 25° to 30° / 30° to 35° 

n- D E CANE 

~ :~~~ I ~;~~: : : :::::::::::::::::::::::::::::::::::::::::::::::: 

[f.E~t:~;,m ::::::::::: 
I 

2,3,4-TRIMETRYLPENT ANE 

45.673 1 O/tJ. T ___ ___________________ ____________ _________________ 

2.8326 O/tJ.'l' _____________________________ ____________________ __ 

['."T ................................................. 
tJ.fl /tJ.T ________________ ___ _______________________________ 
tJ. H /tJ.T ___ ______________________________________________ 
C •• ,. (observed) ______________________ __________________ 
C •• t. (calculated) ________________________________ ___ __ __ 
Observed-calcula ted ______ ______________________________ 

I . 
2,3,3-'J'RIMETHYLPENTANE 

55.2225 O/tJ. T ___________ ______________ ________________________ __ 

2.8401 O/tJ. 'l' ___________________________________________________ 

[~}~;~j;~ :: : :::: : :: : 
W ATER 

51.5136 O/t..T __________________________ ______ ___________________ 

51. 5136 Q/tJ.T __________________________________________ ____ ____ _ 

4. 4432 O/t..T ___________________________ ________________________ 

4. 4432 Q/tJ.T _____ ___ __ ____________ ______________ ____ ___ ________ 

[ tJ.a/tJ. T (observed ) ______________________________________ 
tJ.a/t.. T (1939-ealeulated) _____ ___________________________ 
Observed-calcula ted ____________________ _____ . __________ 

3,3-DIMETHYLH EXA NE 

57. 3524 O/tJ. T ______ ______________________ _______________________ _ 
57.3524 O/tJ. 7'~ _____________________________________ ____________ _ 
57.3524 O/tJ. T ___ __________________________________________ _____ _ 
3.8482 O/tJ. T __ : ________________________ _______________________ _ 
3.8482 O/tJ. T ____________________________ _____________ _________ _ 
3.8482 Q/tJ. T __________________ __________ __________________ ____ _ 

[

tJ.a /tJ.T ___ ____________________________________________ _ " 

iD~¥s;,," ::::::::.: •• :.· ••• :::::::::::.::. 

119.08 
73.65 

2. 1601 
0.0003 
2. 1604 
2. 1604 
2. 1604 
0.0000 

163.47 
73.61 

2.0975 
0.0039 
2. 1014 

2. 1012 
2. lOll 

+ 0.0001 

182. 95 
73.50 

2.0894 
0. 0038 
2.0932 
2.0929 
2.0926 

+ 0.0003 

2.83.96 
284.00 
86. 62 
86. 47 

4. 1888 
4.1910 

-0.0022 

187. 75 
187.45 
187.40 
75.99 
75.95 
75.83 

2.0860 
0. 0042 
2.0902 
2. 0901 
20903 

- 0. 0002 

120. 34 121. 58 122.83 
74 . 29 74.8'1 75.32 

2.1896 2. 2224 '-] 0.0005 0. 0009 0.0014 
2.1901 2. 2233 2.2604 
2. 1901 2. 2233 2.2604 
2. 1900 2. 2234 2. 2604 

+ 0. 0001 - 0. 0001 O.ooor 

165.85 168. ~2 170.97 
74.32 75. 04 75.67 

2.1365 2.1797 

'~'l 0. 0061 0. 0090 0. 0129 
2. 1426 2. 1887 2.2374 
2.1423 2. 1883 2.2.368 
2. 1427 2. 1879 2.2369 

- 0.0004 + 0.0004 + 0.0001 ...1 

185. 41 188.25 191. 20 
74 . 22 74. 91 75.60 

2. 1227 2. 1637 

'~.] 0.6058 0.0086 0. 0122 
2.1285 2.1723 2.2190 
2. 1281 2.1718 2. 2183 
2. 1290 2.1709 2.2186 

- 0.0009 +0.0009 -0.0003 

284 . 04 284.37 284.84 
284.04 284.36 284.86 
87.18 87.76 88. 32 
86. 98 87.49 88.26 

4. 1788 4.174 1 4. 1703J 
4. 1794 4. 1744 4. 1722 

- 0. 0006 - 0. 0003 - 0.0019 

190. 79 193.77 196. 77 
190.56 193.53 196. 66 
190.44 193.45 

76.64 77. 37 78.03 
76.65 77. 36 78. 10 

------------ ------------ ----------

2.1298 2. 1721 

""] 0. 0064 0.0095 0.0136 
2. 1362 2. 1816 2.2312 
2. 1360 2. 1813 2.2307 
2.1353 2. 1820 2. 2305 

+ 0. 0007 - 0.0007 + 0.0002 
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The values of Q/D.T thus listed in table 2 are 
calculated from the electrical energy input during 
the experiment, correded for the three heat leaks 
described in section II and for the departures of 
the beginning and end temperatm es of the experi­
ment from the desired even temperature. As in 
the vaporization experiments, the arithmetical 
sum of the hca t lcaks for an average experiment 
was about 1 or 2 joules, most of which was caused 
by r egulating the temperature of th e upper tube 
above the temperature of the calorimeter to avoid 
condensation. The heat leak on most experimen ts 
contributed only about 0.2 percent to the energy 
input, and even this small amoun t was effectively 
eliminated differentially by the experimental pro­
cedme that gave the same heat leak conditions in 
the high-filling experiments as in the low-filling 
experiments. 

The beginning and end temperatures of t he 
calorimeter in the heat capacity experiments were 
usually regulated to within a few hun dredths of a 
degree of the desired even temp eratures so that 
t he resultan t corrections applied to the measured 
Q/D.T amounted to less than 1 percent. As the 
heat capacity of the calorimeter and contents is 
known from the experiments, t hese corrections 
should introduce no significant error in the r esults. 

The values of D.a/D. T listed in table 2 are ob­
tained by dividing the difference between the 
average values of Q/D.T for the high-filling experi­
men t and corresponding average values of Q/D.T 
for the low-filling experimen t, by D.M, the difference 
in the masses of fluid in the calorimeter in the 
high and low-filling experimen ts. Values of 
MljD.T are calculated from D.a/D.T by adding 
D.{3/D.T calculated from specific volume and vapor 

pressure data as described under :Method. Values 
of Csat . a t the mid temperatures of the in tervals 
are calculated from D.H/D.T by first applying a 
cm vatme correction to ge t dH/dT at the mid 
temperature of the intervals, and then sub tracting 
values of {3/T. All these corrections are small, so 
that the resulting values of Csat. do not differ from 
the D.a/D.T by more than a few parts per thousand . 

In order to "smooth" the data, an equation of 
the form Csat .= A + BT+CT2 was fi tt ed to the 
data for each material by the method of least 
squares. T able 3 gives the constants of the equa­
t ion for the 12 hydrocarbons as well as valu es at 
5-degree in tervals in the experimental range as 
calculated from these equations. The values of 
Csat . (calculated) listcd in table 2 are also computed 
from these equations in order to judge the acciden­
tal variations in the experimental values of hcat 
capacit ies. It was found that the average devia­
tion of a det,erruination of heat capacity from the 
value calculated from the equation was 0.01 1 
percent for the 10-degree inLcrvals and 0.022 
percent for the 5-degree intervals. 

Similar to the vaporization experimen ts, heat 
capaci ty experimen ts with water were made at the 
beginning of this eries of measuremen ts and ncar 
the end, as a check on the accuracy of the r esul ts. 
It was found that the 30 experimen t with water 
gave an average difference of D.a/D.T of abou t 
0.025 percen t from the values r epor tcd with 
ano ther calorimeter [4] . 

In addition to the check on the values of heat 
capacity of water , it was possible to also check on 
values of the heat capacity of n-hep tane as de­
termined in the same large calorimeter [4] as was 
used for water. Th ese unpublished determina-

T ABLE 3. Values of smoothed heat capacities 

Eq uation constants C ••• (int. j/g_O C) 
Material -------,------,-------;----

_________ 1._~_1_~~ __ 50_~_1_50_~~~1~-4-00--4-5.-
2·metb ylhep tanc __ . ..... . . .... 2.10547 3.840 0.853 2. 1440 2. 1632 2. 1826 2.2020 2.2214 2.2409 ---- ---- - - ----------
3·mcthylhcptane ............. 2.09208 3.490 9.425 2. 1279 2. 1466 2. 1657 2. 1852 2.2053 2.2258 ---------- .---------

4·met hylllcptane . _ ........... 2.0 990 4. 245 2.500 2.1112 2. 1326 2. 1541 2. 1758 2.1976 2.2195 2.2415 2.2637 2. 28flO 
2,5·D imethylhexaoc ..... . .... 2.07498 4. lJ 9 5.248 2.0957 2. 1167 2. 1379 2. 1594 2. 1812 2.2033 2.2256 2.2481 2.2710 
3, 3·Dimethy lhexane .......... 2.04712 4.23'1 8.750 2.0685 2.09o:! 2.1126 2. 1353 2. ]584 2.1820 2.2060 2.2305 2. 2554 
2,2, 4·Trimetbyl penta ne ...... 1. 98314 3.958 9.419 2. 0237 2.0425 2.0661 2.0880 2. ll04 2. 1332 -.------ - - ----_ . ----
2,3, 4·Trimcth ylpen tane ...... 2.06320 3.6();l 18. 500 2. 0817 2. lO ti 2.12 14 2. 1427 2. 1648 2. 187Y 2.2120 2.2369 2 2628 

2,3, 3·Tl' imctbylpentane . ..... 2.06192 2.786 28.250 2.0766 2.0926 2.1101 2. 1290 2.1492 2.1709 2. 1041 2.2186 2.2445 

n· Heptane ..... _ ........ .. .... 2.15453 3.396 6.791 2.1717 2. 1892 2.2070 2.2252 2.2437 2.2625 2.28 17 2.3012 2.3211 
n·Oelane .... .........• _ ....... 2. 14441 2.637 19. 140 2. 1727 2. 1883 2. 2048 2. 2223 2.2407 2.2602 ----- -- --- -----.----

7l-Nonane. _______ ___ ___ __ ____ _ 2.13688 2. 700 15.250 2. 1508 2.1654 2. 1808 2. 1970 2.21".39 2.2316 2.2501 2.2693 2.2893 

71·Decane ..................... 2. 13450 2.407 18. 500 2. 1470 2. 1604 2.1748 2. 1900 2.2062 2.2234 2.2414 2.2604 2.2803 
I 
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tions were made in 1939 by Osborne, Stimson, and 
Ginnings with a sample of n-heptane furnished by 
D . B. Brooks of this Bureau. Three series of 
low-filling experiments were made over the tem­
peratUTe range 5° to 100° C, but only one series 
of high-filling experiments was completed in the 
range 5° to 90° C on account of interruption of the 
experiments by a mechanical breakdown. 

The results of the 1939 measurements on'l1 -hep­
tane are given in table 4. Columns 2 and 3 give 
the net energy inputs for the low- and high-filling 
experiments, having 85 .859 and 743.123 g of 
heptane, respectively. These values of net energy 

include heat leak correction and corrections for end 
temperatures. The values of t:J.cx/t:J.T in column 4 
were obtained by dividing the . difference in net 
energies for the high and low fillings by the product 
of the difference in mass of heptane (657.264) times 
the number of degrees in the temperature interval. 
The values of {3/ T in column 8 and t:J.{3/t:J.T in 
column 5 were calculated from liquid specific 
volume data in the International Critical Table 
[13] and vapor pressure data from the tables of the 
American P etroleum Institute Project 44 [14], 
and from Willingham et a1. [16]. 

The values of Gsat . were calculated from t:J.cx/ t:J.T 

T ABL E 4. R esults of 1939 n-heptane heat capacity exp~riments 

Net energy ( Q) 

Temperature interval t;.a/t;.T t;.{l/t;.T MJ/t;.T dJl/dT {l/ T 

Ob· 
Cu t. (ob- ClOt. (cal- scrvcd­
se rved) cula ted) calculated Low fill· High fi ll · 

ing ing 

°0 into into into into into into into 
into j into j j /g_ OC j /g_O C j /g_ OC i/o_oC j /g_ OC j /g_ OC jlg- OC Percent 

5 to 10 . ...... . ........... ...... ....... ....... . ...... 1787. 8 8939. 7 
10 to 20 ............................................. 3612.8 18, 102. 1 
20 to 30 ............................................. 3665. 2 18,381. 2 
30 to 40 ........................ . .................... 3724.2 ]8,662.8 
40 to 50 ............................................. 3789.0 18,972. 1 
50 to 50 ............................................. 3857. 3 19,276.3 
60 to 70 ...... .. .... . .................. . ............. 3930.7 19, 588.9 
70 to 80 ............................................. 4008. 4 19,924.3 
80 to 90 . ...................................... .. .... 4094 .4 20,259.2 

by the method used in table 2. An equation of 
the type Gsat. = A + BT+ Ga was fitted to the ob­
served values of Gsat . listed in table 4, giving 
values of the constants as A = 2.15453, 
B = .003396 1, and G= 6.7909 X 10- 6, when T is 
in degrees C and Gsat . is in into j/g-deg C. The 
average deviation of the 1939 observed values 
from the values calculated from this equation is 
0.028 percent, whereas the average deviation of 
the 1941 observed values from this equation 
(based on the 1939 results) is 0.037 percent. A 
comparison of the observed values is given in 
figure 4. 

5 . Discussion of Accuracy of Heat Capacity 
Results 

When the calorimeter was designed, it was not 
expected that it would give as accurate results in 
the heat capacity measurements as in the vapori­
zation experiments. This was du e to the small 
size of the calorimeter , which· was a more impor­
tant factor in the heat capacity experiments than 
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FIGURE 4. Deviations of observed heptane heat capacities 
from formulation . 

0 , 1939 observed; e, 1941 observed . 

in the vaporization experiments. However, in 
view of the excellent agreement of the values of 
heat capacity of water and heptane with values 
obtained with a larger calorimeter at an earlier 
date, it is believed that the calorimeter is capable 
of better than 0.1 percent in heat capacities in 
spite of its small size. As some of the heat capac­
ity results arc based on scanty data, and some 
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(such as n-decane) involve smaller amount~ of 
hydrocarbon in the calorimcter than others, it is 
believed that the error in the heat capacity results 
is about 0.1 percent with most hydrocarbons such 
as n-heptane, but that it may be as large as 0.3 
percent with a few hydrocarbons such as n-decane. 

The authors acknowledge the participation of 
H. F. Stimson of this Bureau in the design of the 
calorimeter described in this paper. To him 
should go a large part of the credit for the design 
of a number of the important features of the 
calorimeter. 
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