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Heats of Combustion of Liquid n-Hexadecane, I-Hexadec
ene, n- Decylbenzene, n-Decylcyclohexane, n-Decyl
cyclopentane, and the Variation of Heat of Combustion 
With Chain Length l 

Frances Maron Fraser and Edward 1. Prosen 

The heats of combust ion of five h ighly purified long-chai n liquid h.vdrocil.rbon~ "'ere 
meas ured ",ith a bomb ca lorimeter . The calor imetric data y ield t he folloll'ing \'a lues for 
the h eat~ of combus tiOIl , - t1 f1 cO(25° e), of the li quid hydrocarbon wilh gaseo us Ox.'·gE' 1l to 
form gaseous carbon dioxide and liqu id water ; .l k iiocalorie = 4.1840 kilo joule. 

n-D ecylbellzene = 2340.58 ± 0.42 kcal/ mole 
J-Hexadece ne = 2519.17 ± 0.44 
n- llexadecane = 2557.15 ± 0.42 

n -Dccdcycloh exanc = 249 ', .90 ± 0.4.:3 
n-Decy"lcy'c loppntane = 2;)47 .54 ± 0.'1 G 

It i~ sholl' n th a, t , in th e liquid as \\'('11 as in the gascous s tat e, the incrc mc nt in the h('a t 
of co mbu stion (and hence in the heat of for mation) prr (' H , group added in the li-alk.\·1 s id e 
chain is a co nsta.nt excepL fo r the fi rst (\\'0 l1lemben' of the .'ie r ies, and th a t (his incre me nt 
ha~ lh(' same value for eac h o f (hese s('r ies of compounds. 

1. Introduction 

Thi invcs tigfttio n is a co nlinuat ion of Lh e program 
[1 , 2, ;~, 4] 2 o n the determination of some of Lhe 
thermod~~ llfimic p roperties of compound s of impor
tance ill Lhc Iial ional synLhet ic rubbcr program . In 
the s tud.\~ of the processes of polymerization and de
pol~~mNi zaL i o ll , it is impor tanL lo have thermod~~ 
Jlamic dala for the compound s in tile li q uid as well 
as in tlie gaseous s tate, and daLa on the variatio n of 
these properties wiLh carbon cha in length. Previous 
studies [5, 6] h ave show n thaL for several homologous 
cr ies of gaseou s hydrocarbons the heat of comb usLion 

increases b~- a constant amounL upon Lhe add ition of 
eac h CH2 group in t he n-alk:r1 side chai n ; the first 
few m embers of each series arc anomalous. In an 
earl ier paper [5J the variation , with chain length, in 
the heat of comb ustion was stutlied for the liqu id 
normal paraffins. The i ncrement 156.26 kcal pel' 
CH2 gro up was calculated , b~' the method of least 
squares, from these experimelltal data. This in cre
ment, together with previously reported values for 
th e heats of combusLion of the I-alkenes [2, 22 , 23 , 24J 
alkylbenze ll es [19 , 20J n-alkyl c~Telopentanes [21], and 
n-alkylc~Tcloh('xa n es [2 1J was used to calculate values 
for tIle heats of combusLion of higher members of 
these series. Up Lo t he presen t time there has been 
no experimental chec k on the validity of this extra
polation . Therefore, it seemed desirable to m easure 
the heat of combustion of a higher member of eac h 
cries. In t hi s investigation the heats of combustion 

of 1-hexadecene, n -c! ecylbenzene , n-d ecylc)Telopen
lane, n-clec~-lc~~cloh exan e , and n-hexad ecane were 

1 Tho work discussed herein was performed as a pa.rt of the research project 
sponsored by the l'edern l Facili ties Corp., Office of Synthetic Rubber, in con
nection with the Oowrnment Synthetic liubber Program. 

2 F igures ill hraekets indicate the literatm e references at tbe end of this paper. 

measlll'ed. Lt was fou nd that the measured heals 
ag ree , wiLhill Lhe limit s of expCl' imental erro l' , with 
those calculated usin g the increment 156.26 pel' CIT2 

group aelded in the II-alkyl side chain. 
This agreeme nt shows thaL Lhe JleaLs of combus tion 

of l iqu id h.Hlrocarbons may be expressed b)' all 
equatio n of the form t:.I1c= A + Hm , m > 1. A is a 
cons tant characteris lic of lbe homologolls se ri es; B is 
the constant for tiJeincreasc in the heal of combus
Lio n pel' CHz group aclded ill the n-alkyl sid e chain , 
a nd is t he same for all these ser ies; and m is t he Illlm
bel' of carbon Rtom in t he side chain . 

2 . Units of Energy and Molecula r W eights 

The unit of el1 erg,\' upon which valu es reported in 
th is paper a re based is the absolute joule (j ). Fo]' 
conversiOll to the conve n LionaJ th ermochemical 
caloric, the relation , 1 cal = 4.1 40 j , is used . 

The molecular weight of carbon dioxide , the mass 
of which was used to detE'l'min e the amou nt of reac
tion , was taken as 44.010, 'from the 1952 table of 
international atomic wei ghLs [7 ].3 

3. Method and Apparatus 

The heats of combustion of t he compounds were 
determined b~- burning th o liquid samples in oxygen 
in a bomb, at constant volume. The procedure is 
similar to t hat ll sed in previous investigations [9, 10, 

3 The value for the atomic weight of carbon has reoenU;' heell changed from 
12.010 [7] to 12.01l [8]. ' [' he m olecular weight of carbon dioxide was taken as 
44.010 in this paper to retain cons istellcy with va lues previously reported by 
the Thcrmochcm ical Labomtory for thc heats of formation of other hydrecarhons 
and of carbon diox ide. T he "alucs of the heats of combust ion PCI' mole of hydro· 
earhon reported here can be corrected for t he efTeet of the cha nge to the new 
atomic weight of carbon by multiplication by the factor 4'1.011 /44.010. 
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11,12]. The samples were sealed in weighed glass 
ampoules to prevent evaporation before the com
bustion period. The filled ampoules were weighed 
and placed in a platinum crucible in the bomb, 1 ml 
of water was added to the bomb, and the bomb was 
flushed and filled with purified oxygen to 30-atm 
pressure at 25° C. The internal volume of the 
bomb was 385 ml. The sample was ignited by 
m eans of an iron wire fuse, 0.012 em in diameter and 
5 em long, coiled above the bulb . The amount of 
reaction was determined from the mass of carbon 
dioxide formed in the combustion. The heat of 
reaction was referred to the final calorimeter tem
perature of 28° C. Corrections were made for 
deviations from the standard calorimeter system, for 
the heat contributed by the ignition process of heat
ing and burning the iron wire fuse, and for the heat 
produced by the formation of nitric acid during the 
combustion. 

A series of calorimetric combustion experiments 
was made with each of the following subs tances: 
1-hexadecene, n-decylbenzene, n -hexadecane, n-dec
ylcyclohexane, n-decylcyclopentane, and benzoic 
acid (NBS Standard Sample 39g). All of the experi
m ents were p erformed in as much the same manner 
as possible. The same calorimeter system, platinum 
resistance thermometer (NBS No . 485), and Mueller 
resistance bridge (NBS No. 24530) were used for all 
of the experiments. The experiments with standard 
benzoic acid were carried out to determine the 
energy equival ent of the calorimeter system . Some 
of these combustion experiments on benzoic acid 
were performed before and some after the experi
m ents on the hydrocarbons, to allow for any errors 
whieh migh t result from changes in the calorimeter 
system with time. 

The heat of combustion of n-hexadecane had been 
previously determined [10] in the Thermochemical 
Laboratory. The measurement was repeated as a 
general chec1>: on the procedure. 

In several experiments, tests for completeness of 
combustion were made by analyzing samples of the 
product gases for carbon monoxide by the colori
metric method described by Shepherd [13].4 In no 
case was a ignifican t amount of carbon monoxide 
found. A further check on the completeness of 
reaction was afforded by the ratio , r, of carbon di
oxide produced in the combustion to the stoichio
metric amount of carbon dioxide calculated from the 
mass of sample used. The following average values 
of r were obtained in the experiments; the number in 
parenthesis is the number of experiments for which 
the value of r was determined, and the uncertainty 
is the standard devialion of the mean : 

1-hexadecene (5) 
n -clecylbenzene (5) 
n-hexadecane (3) 
n-decylcyclohexane (4) 
n-decylcyclopentane (5) 
benzoic acid (5) 

0.99982 ± 0.00011 
0.99990 ± 0.00008 
l.00003 ± 0.00005 
] .00019 ± 0.00012 
l.00006 ± 0.00009 
l.00008 ± 0.00003 

• These analyses were made by the Gas Chemistry Section of thc Bnreau. 

4. Materials 

The hydrocarbons were from the API- NBS serie 
of purified hydrocarbons. The assigned puri ties of 
these compounds in mole percent, as determined 
from measurements of freezing points, were : I-hex
adecene, 99.84 ± 0.18 ; n-decylbenzene, 99 .88 ± 0.10 ; 
n-hexadecane, 99.96 ± 0.04 ; n-decylcyclohexane, 
99.86 ± 0.11 ; n-decylcyclopentane 99 .80 ± 0.18. 

The impurities in each compound are believed to 
be isomeric and present in such small amounts that 
their effect on the heat of combustion is less than the 
estimated uncertainty assigned. 

5. Experimental Results 

Table 1 lists the following data for the calibration 
experiments: The experiment number ; the mass of 
benzoic acid ; Llel, the deviation from the standard 
calorimeter sys tem ; LlRc, the corrected increase in 
temperature of the calorimeter system ; gi, the cor
rection for ignition energy; qn, the correction for tbe 
formation of nitric acid ; and E s , the energy equiva
lent of the standard calorimeter sys tem. 

Experi· 
ment 
No . 

I-
2" 
3-
4b 
5b 

6b 

7b 

8b 

TABLE 1. Calibration experiments 

Mass of 
benzoic 

acid 

g 
I. 51226 
I. 51221 
1. 51426 
I. 51471 
1. 51346 
I. 51315 
1. 51227 
I. 51279 

jJohm ohms 
15. 1 0.286180 
16.5 . 286084 
14.3 . 286475 
5.5 . 286751 
5.6 .286515 
5.6 . 286432 
5.4 . 286292 
5.5 .286390 

g, 

j j 
34.1 6.3 
34. 3 5.7 
35. 0 4.9 
36. 1 21.0 
36.1 22.5 
35.9 22.0 
35.5 22.2 
35.0 22.0 

E. 

jJohm 
139799. 7 
139838. 9 
139839. 1 
139814.8 
139819.9 
139829.3 
139815.8 
139813.6 

M can. __________________ . __________ ._ ... _______ . ______ .___ __ __ 139821. 4 
Standard deviation of the mean ________________ .. _. ___ ._. __ .__ ±4. 8 

- Experiments performed before the com bustion experiments on the bydro
carbons. 

b Experiments performed after tbe combustion experiments on the hydro· 
carbons . 

The standard calorimeter system was considered 
to be the actual calorimeter as it existed just prior to 
the star t of the first calibration experiment excep t 
that the sample to be burned was not considered a 
part of the system . Thus Llel, the deviation from 
the standard calorimeter, was computed from the 
heat capacity of the benzoic acid, 1.21 j/gO C at 26.5° C 
(minus the heat capacity, 0.03 j;o Cml , of that amount 
of oxygen at 30 atm and 28° C which was displaced by 
the benzoic acid) and the heat capacity of any parts 
of the calorimeter which were changed during the 
course of this investigation. Also included in Llel 
are minor corrections for deviations of the average 
temperature of the experiment from the standard 
average temperature of 26 .50° C (computed from 
the calculated change of heat capacity of the cal
orimeter with temperature) and for variations in the 
heat of the calibrating reaction due to deviations of 
the final temperature of the experiment from the 
standard final temperature of 28.00° C . 
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TABLE 2. Calorimetric combustion experiments 

lHass of carbon 
I I 

Mean value of 
Expcri· 

/le. t:.R, Q(28° C) q, q. -t:.U8(28° C) -t:.U. witb its 
ment No. dioxide standard devia-

I I tion 

n-Dec y I ben zene 

" j lohm Ohms j j j jlu CO, ilY CO, 
1 2.85874 11.8 0.28'11 65 39735.7 3t. 5 4.9 13887.0 

) 
2 2.84816 10.4 .28311 4 39588.3 35.7 5. () 13885. 1 
3 2.86925 10.6 .285230 39884.3 35.4 4.8 13886.6 13886.8 
4 2.87300 10.4 .285654 39943.5 35.4 5.0 13889.0 ±0.6 
Ii 2.77388 10.2 . 275735 38556.5 35.2 5.2 13885.3 
6 2.91076 10.9 .289374 40463.8 35.2 5.0 13887.6 

I-Hexadecene 

1 2.67126 10. 9 0. 285683 39947.7 35.8 6.0 14939. 0 
2 2.72788 10. 2 .29 1792 40801. 7 35.9 6.0 14941. 9 
3 2.66637 9.5 .285222 39882. 8 36.2 5. 7 14942.0 14941.1 
4 2.65190 7.3 .283676 39666.0 35.7 5.9 14941. 9 ±0.6 
5 2.60973 7.2 .279126 39029.8 36.4 5.7 14939.4 
6 2.68706 7.3 .2874<11 '10192.5 35.8 6.0 149'12. 2 

n·llcxadccanc 

1 2.73431 5. 6 0.296839 41506.1 35.9 6.2 15164.3 
2 2.67456 6.8 .290381 40603.5 36. I 6.3 15165.5 
3 2.65107 6.1 .287786 40240.4 35.2 5.7 15163. 5 15164.5 
4. 2.63905 5. 1 .286517 40062.7 36.1 6.2 15164.7 ±0.4 
5 2.77207 5.0 .300919 42076.4 34.8 6.4 15163.8 
6 2.43637 5.0 .264537 36989.3 36. I 5.0 15165.3 

n-Decylcyclobexane 

1 2. 71781 4. 1 0.288249 40304. 6 35.7 3.6 14815. 3 

) 
2 2.63256 3. 7 . 279230 39043.4 35.7 5.3 14815.4 
3 2.59134 3.6 . 274887 38436. 1 35.7 6.6 14816.2 14814.7 
4 2.69554 6.0 .285858 39970.8 35.9 5.6 14813. 1 ±0.5 
5 2.59597 3.5 . 275319 38'196.5 35. I 5.5 14813. 7 

n-])eeyleyclopen tane 

1 2.48540 3.4 0.264257 36949.7 34. 8 6.4 14850. 1 

) 
2 2.6 1842 3.5 .278461 38935.8 36.2 7. 1 14853.4 
3 2.73536 1.9 .290933 40679.2 36.2 23.5 14848.3 14 51. 2 
4 2.73981 1.8 .291485 40756. 4 35. 8 23.8 14853.9 ±0.9 
5 2.56356 0.5 .27271 5 38131. 5 35.4 26.2 14850. <I 
6 2.64616 .6 .28 1489 39358.4 35.5 24.6 14851. 1 

The energy equivalent, E s, was computed by: 

Es= [(Q~ms+ ~lt+ qn)/!:J.Rc] - !:J.e l' 

place in the bomb; qi; qn; and !:J. UB (280 C) = [Q 
(28 0 C)-qi-qn] /g CO2 , the heat of combustion in the 
bomb process expressed in joules pCI' gram of carbon 
dioxide formed. 

where Q~= t::.. UB (28 0 C) is the heat of combustion 
of benzoic acid under the actual bomb conditions 
used in this investigation expressed in joules per 
gram of benzoic acid and m. is the ma s of benzoic 
acid. The value u sed for the heat of combustion of 
standard benzoic acid uncleI' standard conditions at 
25 0 C is QB (25 0 0)=26434.7 ± 2.2 j/g.5 

Under the actual bomb conditions and at 28 0 C, 
this value becomes Q~ (28 0 C) = 26431.8 ± 2.2 jig. 

Table 2 lists the following data for the calorimetric 
combustion experiments on the five compounds: The 
experiment number; th e mass of carbon dioxide 
formed; !:J.ez, the deviation from the standard calori
meter system; 11Rc; Q (28 0 0) = (E8 + !:J.e2) !:J.Rc , the 
isothermal heat liberated by the process which took 

, This value for benzoic acid, which is based on electrical calibration experi
ments made in the Thermochemical Laboratory [IlJ, was used to maintain con
sistency with valnes previously reported [10J for the lower hydrocarbons, which 
were based on electrical callbrations. This valne differs slightly from the value 
certified for benzoic aCid, 0. (250 C)=26433.8±2.2 i/g [14, 15,. However, tbe 
nncertalnty tbus introduced Is within the estimated over·aIl uncertainty_ 

In table 3 the following quantities are given for 
each of the compounds: The mean valu e of - !:J. UB 

(28 0 C) expressed in joules per gram carbon dioxide 
from table 2, and in kilojoules per mole of hydro
carbon; - !:J. Uo (28 0 0 ), the decrement in internal 
energy in the ideal bomb process [10]; - !:J.Hc o 

(28 0 C), the heat of combustion at constant pressure 
at 28 0 C; - MIc o (25 0 0), the heat of combustion 
at constant pressure at 25° C; and !:J.H/, the heat 
of formation at constant pressure at 25 0 C_ The 
uncer tain tie in the heats of combustion assigned 
to the values in table 3 were calculated using the 
relation, 

where (J represents the standard deviation of the 
mean for the specified measurement, and all de-
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TABLE 3. Heats of combustion and formation of the liquid hydrocarbons at 25° C 

Compound (liquid) - t:.UBat28° C -t:.Uo at 28° C 

i/g CO, kjfmole ki/mole 
n ·Dccylbenzen c ........... 13886.8 ±2.5 9i78.5 ± 1. 76 9775. 1 ± 1. 76 
I·Hcxadecene ............. 14941.1 ± 2.6 10520. 9 ± 1. 85 10518. 0 ± l. 85 
n·Hexadecane ............. 15164.5 ± 2.5 10678.2 ± 1. 74 10675.5 ± l. 74 
n·Decylcyclohexane ...... . 14814. 7 ± 2.6 10431. 9 ± 1.82 10429. 0 ± l. 82 I n·Decylcyclopcntane . . ... . 14851. 2 ± 2. 7 9804. 0 ± 1. 92 980!. 3 ± l. 92 

viations are expressed as percent of th e measured 
quantity. The term 0.0083 percent is the assigned 
uncertainty in Q; ; the t erm 0.01 percent is arbi
trarily assigned to allow for systematic errors in 
the measurements. 

The heats of combustion refer to the reaction: 

CaH oOiq) + (b+ 4a)/402(gas) 

= aC02 (gas) + b/2 H20 (liq). 

The heats of formation refer to the reaction: 

aC(graphite) +b/2 H 2 (gas) = CaHb (liq). 

The heats of formation were calcula.ted from the 
heats of combustion using the values - 68 .317 
± 0.010 k cal/mole [16] for the heat of formation of 
liquid water and - 94.052 ± 0.01l kcal/mole [14] 
for the heat of formation of carbon dioxide. 

The value obtained for the heat of combustion 
of n-hexadecane (liquid), - flHc O(25° 0)=2557.15 
± 0.42, is in good agreement with the value previ
ously reported [10] by the Thermochemical Labora
tory, - MlcO(25° C) = 2557.58 ± 0.68 kcal/mole. 
The agreement of this value with those of other 
investigators has been described in a previous publi
cation [5] . No previous m easurements have been 
reported for 1-h exadecene, n-decylbenzene, n-de
cylcyclohexan e, or n-decylcyclopen tane. 

-t:. E cO 

MIt' at 25° C 
at 28° C at 25° 0 

kj/mole kj/mole kcal/mole kj/mole kcal/mole 
9791. 3 ± 1. 76 9793.0 ± l. 76 2340. 58 ± O. 42 -219. 12 ± l. 97 - 52. 37 ± O. 47 

10538.0 ± 1. 85 10540. 2 ± 1. 85 2519.17 ±0. 44 - 329. 41 ± 2.09 - 78. 73 ± O. 50 
10696.8 ± 1. 74 10699. 1 ± 1. 74 2557. 15 ± O. 42 - 456. 35 ± 2. 00 - 109. 07 ± O. 48 
10449. 0 ± 1. 82 10451. 2 ± 1. 82 2497. 90 ±O. 43 -418. 39 ±2. 06 - 100. 00 ± O. 49 
9820. 1 ± 1. 92 9822. 1 ± l. 92 2347.54 ± 0. 46 -368. 19 ±2. 12 -88. 00 ± O. 51 

6. Heats of Combustion of Homologous Com
pounds 

The increment in the h eat of combustion per CH2 
group added to the chain in the n-paraffins in the 
gaseous state has been shown [5] to have the constant 
value 157.44 ± 0.05 kcal/mole. This increment is 
constant beginning with the third memb er of the 
series, propane. From a study of the heats of 
isomerization of branch ed-chain paraffin hydro
carbons, it has been shown that the average bond 
energy of a particular bond between two atoms is 
affected, within experimental error, only by the other 
bonds (or atoms) attached to these atoms. Bonds 
(or atoms) further removed have no m easurable 
effect on this bond energy unless major steric effects 
are present (such as are revealed by the difficulty 
in making a Fisher-Hirschfelder model of the 
molecule). The constancy in the increm ent per 
CH2 group for members of the series above propane 
is in accord with this observation, since the addition 
of a CH2 group to propane to form n-butane forms 
th e sam e kind of bond and neighboring bonds as do 
further CH2 additions. In later reports [6 ,18,19] 
the increment of 157.44 was applied to other ho
mologous series of hydrocarbons with n-alkyl side 
chains to obtain h eats of combustion for high er 
memb ers of these series in the gaseous state. 

A constant increment per CH2 group for numbers 
above propane was also found [5] for the n-paraffins 

T ABL E 4.- Com parison of experimental values of - flHcO with calculated values using the equation - flHco= A + Bm 

Series .. ......... . 
Structure . ... . .. . 

m=O 
m= 1 
m=2 
m=3 
m=4 
m =5 
m=10 
m = 14 

A 
B 

I·Alkencs 
Vinyl-(CH') m-H 

Experimental 
-Mlco (liq) 

kcal/mole 
--.-.---------
--.-----------
644. 46' ±O. 18 
800.61 ±0. 26 
956.72 ± 0. 33 

1112.87 ±0.38 
------ - -------
2519. 17 ± O. 44 

------.---.---
---_.-----.-- -

Deviation 
experimental 
-calculated 

kcal/mole 
- ---------- -
------------

+ 0. 10 
+. 01 
-. 12 
-.21 

.-._--------
-. 07 

331.88 
156. 24 

' At saturation press ore. 

Normal alk yl benzenes 
P benyl·(CH') m-H 

E xperi mental 
- t:.flco (liq) 

kcal/mole 
780. 98 ±O. 10 
934. 50 ± O. 12 

1091. 03 ±0. 17 
1247. 19 ± 0.16 
1403.46 ± 0.27 
------- -------
2340. 58 ± O. 42 
--------- -----
---_._ --- --- --
-- ----- -------

Deviation 
experimental 
-calculated 

kcal/mole 
(+2. 49) 
(-0.23) 

+ .06 
-.02 
+. 01 

- . 31 

778. 49 
15G. 24 
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Normal alkylcyclopentanes N ormal alk ylcyclohexanes 
Oyclopentyl· (OH,) m- H Oyclobexyl· (OH ,) m-H 

Experimental Deviation Experimental Deviation 
experimental experimental -M'l co Oiq ) -calcnlated - Mlco (Jiq) -calculated 

kcal/mole kcal/mole kcal/rnole kcal/rnole 
786.54 ± 0.17 (+1.49) 936.88 ± O. 17 (+1.19) 
941.14 ± 0. 18 (-0. 15) 1091. 13 ± O. 23 (-0.80) 

1097. 50 ± 0.22 -.03 1248.23 ± 0.35 +. 06 
1253. 74 ± 0.28 -. 03 1404.34 ± 0.27 - .07 
-------------- ------------ 1560. 78 ± O. 29 +. 13 
---- ---------- -- ------ ---- ------ -- ------ ------------
2347.54 ± 0. 46 +. 09 2497. 90 ± 0.43 - . 19 
--- ----------- --- ---- --_.- ------- --- ---- - - ----- - ----

------- ------- 785.05 ----- - - ------- 935.69 
--- ----- ------ 150. 24 ---- - --- -- -- - - 156.24 



in the liquid state. The value of this increment is 
156.26 ± O.05 kcal/molc. Because of possible varia
tions in intermolecular forces, it was not evident 
that this increment could be applied to other ho
mologous cries of hydrocarbons with n-alkyl side 
chains in the liquid state. The values obtained 
here for the heats of combustion of some high er 
members of such series, together with values previ
ously reported for the lower members in the liquid 
state, show that this value of 156.26 can be applied 
to these series as well. The constancy begins with 
the ethyl side chain. 

The constant B was re-evaluated, by the method 
of least squares, utilizing all of the available experi
mental data from the Bureau. The new value of 
B, 156.24, is in agreement with the value 156.26 
calculated from the n-paraffin series alone. 

In table 4 are given the experimental values for 
the heats of combustion of compounds of several 
series in the liquid state. These data were obtained 
from the following sources: the heats of combustion 
of benzene, toluene, ethylbenzene, n-propylbenzene, 
and n-butylbenzene in the liquid state [19, 20]; the 
heats of combustion of cyclopentane, methylcyclo
pentane, ethylcyclopen tane, n-propylcylcopentane, 
cyclohexane, methylcyclohexane, ethylcyclohexane, 
n-propylcyclohexane, and n-bu tylcyclohexane in the 
liquid state [21]; the heats of combustion of J
butene [2] and I-pentene [22] in the gaseous state 
together with heats of vaporization of I-butene [23] 
and I-pentene [24]; the heats of combustio n of 
I-hexene and I-heptene in the liquid state [25]; and 
the heats of combustion of I-hexadecene, n-decyl
benzene, n-decylcyclohexane, n-decylcyclopentane, 
and n-hexadecane in the liquid state from the present 
investigation. 

In table 4 are also given the devia tions of these 
experimental data from the heats of combustion 
calculated using the equation - f:,.l-!co = A+Bm 
where A is the constant characteristic of the ho
mologous series, B is the constant 156.24 kcal/mole for 
each series, and m is the number of carbon atoms 
in the n-alkyl side chain. The values of A were 
calculated weighting the value of MIco, for each 
compound measured, inversely as the square of its 
assigned uncertain ty. 
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