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Determination of Specific Heat and Heat of Fusion 
by Differential Thermal Analysis 

Study of Theory and Operating Parameters 

D. J. DAVID 

Mobay Chemical Co., New Martinsville, W. Va. 

~ Utilization of differential thermal 
analysis under nearly equilibrium con
ditions permits the determination of 
heat of fusion and specific heat on a 
variety of inorganic and organic com
pounds from a single calibration of an 
easily handled material like tin. 
Variables such as sample size, heating 
rate, and sample state were studied 
for their effect upon the heat of fusion. 
These variables did not exhibit effects 
upon the results within the limits of . 
error of the determination. The theory 
and equations underlying the specific 
heat determination are discussed and 
a practical method is presented which 
is applicable to a wide range of 
materials. The standard deviation at 
the 95% confldence level for the heat 
of fusion and specific heat was found 
to be 1.5 cal./ gram and 0.02 col./ 
gramrc., respectively. 

DIFn]RI':NTIAL THERMAL ANALYSIS 

has been applied previously to a 
variety of both inorganic and organic 
materials. These applications were 
initially concerned with minerals and 
soils (8, 23), and Rub equently with pure 
inorganic compounds (7,15,21). More 
rccently, Ics~ well defined organic 
materials and compounds have been 
studied. The investigators have re
}lortcd both qualitative and quantitative 
results (I, 2, 6, 11, 17, 22, 30, 31). 

As a result. of the gradual develop
ment of a variety of differential thermal 
analyzers, a re-evaluation of qualitative 
and quantitative variables has resulted 
in some duplication of effort (27). 
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The variation of peak temperature 
has been reported to be depcndent upon 

. sample sizc, sizc of thc cylindrical 
holder, and heatinp: rate (1 2, 24-, 28) . 

The effects of diluent techniques have 
been covered in various papers. Particle 
size and packing were found to be 
important factors that affected the 
thermograms obtained (19). In addi
tion, the formation of complexes with 
the inert diluen t has also been reported 
(4-, 18). 

However, with the development of 
more sophistirnted ami f'ensitive instl'U
mentation, til(' rfTrct of sample size, 
diluent, size of ~amplc holder, heating; 
rate, and difft'I'l'IH'c in heat capacities 
between rcferrnc(' and Rmnple, and 
other paraml'ten; can bl' beLt.er 
evaluated. 

Base line dl'\' ialioll, e:-;p('cially at. t,he 
beginning of l~ run,. is a common oc
currence in differential thermal analysi ti. 
This is due Lo an imbalance in 11('1~t 
capacities betwecn the sample and ref
erence thermocouples and is affect.ed 
by symmetry, sample loading, inert 
loading, and packing (3) . 

Many of the detrimental and non
uniform parameters that accompany 
the great variety of techniques common 
to each specific analyzer, may be turned 
to advantage when the proper tech
nique is employed as in the present 
application. 

The aspects of differential scanning 
calorimetry (DSC) and applications to 
quantitative measurements of tmnsition 
energies have been reported recently by 
Watson, et al. and O'Neill (20, £9). 
DSC measures the transition energy 

directly (29) while conventional DTA 
mea<;ures AT VB. sample temperature. 
Thus, DTA must be calibrated before it 
can be utilized for quantitative transi
tion energy measurements. 

The present paper will show that 
when DT A is carried out under nearly 
equilibrium conditions, a single calibra
tion can be performed which is applicable 
to the determination of the specific 
heat and heat of fusion of both organic 
and inorganic compounds. 

THEORY 

The major factors affecting base line 
deviation (cquilibrium conditions) are 
miHmatched heat capacities, improper 
heat transfer, symmetry, packing, 
particle size (amplc and diluent), 
dillltion effects, inertness of diluent, 
and sample concentration. 

When a sensitive system is employed 
in which the sample size is small (1 to 10 
mg.) , 'the sample does not have to be 
diluted, and the system contains fixed 
thermocouples allowing reproducible 
results ; the disadvantage of base line 
deviation can be an asset by allowing 
the determination of the specific hp.at. of 
the sample. 

Assuming the above conditions exist, 
the deviation in base line would be 
greater for those materials w:th a high 
specific heat value. To obtain a mathe
matical expression for Cp , we must 
consider two factors: the effects of the 
system upon the differential thermo
couple; and the effects of the system plus 
Rample upon the differential thermo
couple. 



III considerillj!; hClLt e!Tecls upon Lhe 
di!TercnLinl COli pie, t.hc equation:; of heat 
Imlnllre employed hy I\orehnnlt and 
]):Uli('h~ I\\'C \11'41'(\ (li), 

Cp"d'l'2 = 1/1/ + /\,('1'8 - 'l'2)dt (I) 

C""Il'l', = /\ ,('I'a - 'I',)dt (2) 

'1'" ']'2, awl '/'3 ILI'(~ lplllpeml,III'(':; of lho 
I'l'fl'rPIH!e lh('I'rnol'ouple, I'lLlllple 1.IH'l'Ino
coupln, and ail' Imlh (flll'lllWe l.lHmllo
I:ouplc), n'spI'I:\,ivnly (Sl'(, 1"ij!;lI\'e I), 
C,." iH 1,1\(\ \J)t.nl hml, 1'ILIIIL!'it,y of I,hn 
l'ef('I'(' I1l'O lh('I'mol!ouplp (ilwilldillj.( Clip) 
ILlld Cp " iH Lhe t.oLILIIH'lLl elLplLeil,y of lho 
llll'nsurilll( t.hl'l'nH)('oupll~ ineludillj.( Clip, 
The ILhsolule vld\l(':; which will be oh
t.ninl'(\ ILI'I' (\('Pl'lult'lll, IIpOIl the l'!Teds of 
thpl'IllO(,Ollpll~ KYIllIlH't.ry, size, IUld Rhnpll 
of HlLmple l'olll.ltilH'rH ItIHI flll'lHwe, wlH'n 
t.hl'se vl\rilLhh'K elLll he mdllcnd t.o eOIl
/0/ I,ILII t. R ILK ill II fixpd sY1'I1 ('Ill, 

I';qllllt.ioll I shOIl'K t.hlLt. ILlly illl!l'l'ltHIl 
ill Pll!lllllpy of IllI: SILlllpll' sidp of I,ho 
dilT('I'('1I1 ill,l IIH'1'1ltll1'u1lp11' iM dill' 1,0 !.IHt 
Inl"LI 1'1I1,llItlpill I'ITI'I!I,1'4 of /o/lLmplo pillM 
I,ho hl'lll, 1,I'llllsfl'l'I'l'd t.o !.IH' 1,IH'I'nHH!ollplo 
by Lhll MIII'I'OlllllliIlW~' 1':qlllLt.ioll 2 111'
/o/(!rihI'H I,ho l'1I1,llIllpill dT('I',I,K Oil I,ho I'Ilf
(m'IWO Mid(! ('xI!l'pl, I,hnl, I,hn Ii If l.rl'm iH 
IlI!l:l'I'IHI\I'ily 1101, pl'l'Henl" /\, iH Lhe h(~ILL 
t,I'ILIlSfl'l' (!ol'fIil!il'llt, fOl' \.IHt HILmpio 
(1I1()(LHurilll() thel'lTlol:ollp'e ILIld /\, is tho 
IlI'nt tmlll;fel' coeHieinnt for t.he I'eferenee 
sidc, 

The as,'1l1lTlpLions govel'llinp; the 
validity of t.hese eCfuationR t.o the 
prct;cnt syst.em al'e: t.he difTel'ential 
thel'lnoeouple:; nl'e fixed; a Hrnnllliamplo 
size iK cmployed; the HlLmple doeR ' not 
have \.0 he diluted; Lhe r<ltlllple holdcl' iR 
1'lLpahle of ITIlLillt.ILillinp; evell hcal 
'dist.rihllLion (!ollsist,enL wiLh Lhe 
denlltn(\s of Lhe tcmpcmtlll'(l pt'o
p;l'!unmcl'i nnd lilH'ILI' hentinj!; mt.es from 
one rlln to the next cnn he renlized, 

There nrc t.wo Hitlll\l,ions which we 
mllKt consider-the abscnce of 1\ sl1lnplo 
mHI t.hl~ pt'1'1'('nce of a f;nmple, Lei, WI 

coilsidClI' t,hc fil'Ht. eLLi>C where a Amnple iR 
not pl'esrllt. in the (!olJta:nel', J n thill 
instance thel'Cl can he no heat evoluLion 
01' absorpLion except Lhat due to slightly 
different heat capacities of Lhe thermo
couples and empty containers caused by 
symmetry and size considerations, 

Then, any change in base line from 
the horizontal due to differcnces in heat 
capacity may be expressed as: 

Cp"dTI 

[(,(Ta - T2)dt -

[(,(Ta - T1)dt (3) 

where Cp"dT2 - C""dT, = CpdT 
and C" = heat capacity of the system, 
[(, and [(,, the heat transfer coefficients 
from Ta to T2 and Ts to T

" 
should be 

equal even under dynamic conditions 
providing linear reproducible program
ming rates exist, thermo.l gradients with
in the holder are absent, and the total 

I" +---- I ~ ----+ 

Figure 1, Sample holder 

T, ~ Roforonce temperoture 
T, ~ Somple temperolure 
T, - Air bolh temperoture 

hmt c'ltpa('iLy of t.h11 ail' l)(1t,h iH lIIore 
t,han Hllflil'il'nl, I,r) pl'Ovidn 1,llI! t.IH'l'mlLI 
enl'l'J,I;y I'('qllil'l'd to nlllin('ain nelLrly 
eqllilihl'illm conditiolls within the 
/o/YHI,('m, 

H('lLl'I'lLtlJ,l;inJ,l; ECfIl(Lt.iotl a p;iv '1'1 

C" rI'l' - /\ ('1'1 - 'f'2)tlt (") 

wh!'r!' I,' - A", - K, pj II 

'l'hiH iH 1,1'1111 pl'lIvillinl( t.ho p\'(lviollM 
(MiKllIl1pl,iollK ILI'('. 1,1'11('. Itnd /\, ILI1(\ /\, al'll 
t.l'lllpC'mllll'(' illdl'(I('IHlotlt ovm' t,he 
1,('mpot'lLI,III'(! mllp;(~ of inl.crest (dT), 
Tid:; iH i IIdeml trllCl !tR will bo I:!hown 
later, 
'l'hufl Eqllat.ion 4 hecomes 

C,,(w/t'J' "rlm fl 11'1) = 
J(T) - T2)dt = . 110C 

, dT C,L " (5) 

where 

[( helLL t,mnsfor coeHi-
eielll, of Rystcm in 
eltl./mm,2, 

OJ> heltt en(>lLCit.y of sys-
I,em ill cal.;oC. 

dT t.em pemtlll'e mngc of 
intereAt. 

(T) T2)dt = 6Tdt; and over a 

f
to 

t 6Tdt 

t.ime illwl'vnl, !'my 

t" 

= I\I'C'IL encompassed hy 
ba 'e line curve and 
constructed hori
zontally, measured 
over tempero.ture 
ro.np;e of interest, 

The [( value does not incorporate 0. 

time-tempero.ture function since the 
chart speed of the recorder and the re
sponse of t.he DC amplifier and reco rder 
were considel'ed fixed, 

We now consider the second case 
whel'l' !\ ~ampll' has been placed in the 
proppr ('(lHlainer and the enthalpie 
effect~ lI'ill be I'cgistered on T2 which is 
one side of the differential couple, 

We now choose a time (temperature) 
interval where dH = o-i.e., the heat of 
transformation is 0 because the sample 
is not undergoing a chemical or physical 
transformation, Thus, the equation 

describing the heat capacity due to thc 
presence of a t;am ple is identical to 
ECfuation 5, By evahmtinp; Equation 
5 without RI\mple I\nrl HllbHcqllently with 
R/\mplo [Lnd RllbtmetinJ,l;, tho heat capa
ci ty of the Ram pic iM 

(J p s= C 1'(w/o "'"11,10) - C P(w'l",n"I,,) :::a 

(Syst.em efTeets) - (System + 
sample e!Tects) (6) 

!(6Ttlt K6Tdt 

- d1' (,,/n """,10) - dT~I"/I.ml'I') 
]( 
dT (6 Tdt) .... "". \0 .. mpl. (7) 

Bill, there [Lrc thermal e!Tect.R within 
t.he !lample, ThrollJ,l;h t.he RIUTlple itHClf 
II thl'rtlllLI 11Ip; OCCIII'H nnd t.he rate at 
which heat iii I'ceeived hy tho mCILlmrin!( 
~ide of t.ho cli!TC'l'l'ntinl COli pie hecomr.R 
hiJ,l;hly dopl'lHI('III, IIpon HILlllplo Hizo, 
h('ILI,iIlJ,l; 1'111.(', ILlld t.1\(' 1,11('1'111111 difTIIHivil,,Y 
(a) of t.1\(' Mltlllpln, 'I'hn 1111( nxplwil'II(!('11 
iH PI'('I!iHl'ly why t.Iw HPI'piliel h('ILt (:1111 IH~ 
nH'ILHIII'(l(\ Milll!ll it itl dHLI'lL<!I,[Jl'iMtic of 
olLl'h \l1lL1,I'I'iILI. 

'J'hornf01'( , ~vo lllusL take inLo [LecounL, 
thormal ofTectH wi t.hin I,ho RlIlllplc unl\ 
eonHiclol' I,ho difTuf!ion ofTect.s by mcntH! 
oC tho following equation (10, 10, 92). 

where 

dT 
dt 

k 

dT 
dt 

(8) 

ehlll1f,!;e of t.ernpemture of 
sample with respect t.o timo 

thenllal conductivit.y of sam-
ple 

p = dellsity of slLInple 
C ~ = specific heat of sample 
d2T 
dX2 = rate of change of the tempern-

ture t.hl'ough the !!lLmple 

The avcmf,!;e hCllt capal:ity of the 
f:\ample can now ho defined by IlOlving for 
C p in Equation 8 and adding to Eqlla
tion 7, 

- dt k (d 2T) dt 
C" = K6T dT + ~ dx2 dT (9) 

(sample effects) + (sample 
thermal diffusivity effects) 

( 
k d2T) K 

p + 6Tf( dx2 6Tdt ;if 
(10) 

Allowing for sample size Equation 10 
becomes 

c - [('K(6T dt) .. c.duo lo .. mpl. (11) 
P - pgdT 

which describes the average specific 
heat of the sample. 
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Where 

/(1 = ( + ~ d2T) _ 1.68 (exIJeri-
p KAT dX 2 -

mentn.lly determiner!) 
u_ = sn.mple size in grams 
C" = avero.ge Rpecific heat of sample 

in cul./!(ro.m;oC. 

The othcr termR in Equation 11 
havc been defincd Jlrcviously. The 
tr-rm k/ pC" in Equat.ion 8 iR a which 
is tL measure of the thcrmal inertia 
or diffusivity of the sample. Although 
the individual terms in Equation 10 
comprising K' cannot be evaluated, K' 
itself can be. 

All determinations of specific heat 
should be performed using the same 
heating rate-that is, the rate at which 
heat is received by the differential 
couple is a constunt. In cn.Res where 
dll ~ 0, the total heat of transformation 
(solving for dlf) iR the lLrea generated 
by tho tl'lLnsformal,ion (co.l./grn.m) phiS 
tho heat dllo to t.he <:fllLlIge in Rflecific 
heat, of t.he Hample. The specific ll(~at · 
of tho SAmple ill genel'lLlIy not includec\ 
becLLuso of suitable base lino eonl:ltrue
tion. 

EXPERIMENTAL 

Apparatus. The apparatus eonsistR 
of a controlled preHsure and controlled 
atmm!phere differentin.l thermn.1 an
alyzer Model 12 nC2, recorder-con
troller o.Rsembly Model ,JAC, a·nd 
flu·no.ce pln.tform n.Rsembly Model GS-2 
manufuct,ured by the Robert L. Stone 
Co. This instrumentation ho.s been 
c1e1'lcribed by Stone (25, 26). 

The apparatus is equipped with an 
L & N Speedomax G dual pen recorder 
and two ARA Modcl 4A-DC amplifiers. 
The highest sensitivity of the amplifiers 
is 0.5 /lvolt/ ineh. Normn.1 operating 
sensitivity is from 1 /lvolt to 50 
/lvolt/ inch d.epending upon the type 
of sample and the purpose of the 
analysis. 

The sl\mple holder und recorder 
systcm pcrmit the recording of two 
thermogmmR simultuneollsly. The re
corder is lincn.r in time only n.nd hn.s n. 
chart speed of 0.1 inch/ minute. A 
sepurate recorder in conjunction with an 
L & N Series 60 linear temperature 
recorder-programmer is an integrn.1 pn.rt 
of the instrument. 

The Rn.mple holder aRSembly, Model 
SII-M4CL, consists of two separn.te 
Chl'omel-Alumel differentin.l thermo
couples and 0. Chromel-Alumcl furnn.ce 
couple which is utilized for progl'llmming 
as well n.s recording the tempel'llture of 
the furnace. A quick cool furnace, 
Model F-I-F, which is positioned over 
the sample holder by two guide pins 
was utilized throughout the experiments. 

The differential couples are circular 
in shape and hold aluminum pans in 
which the samples are placed (see 
Figure 1). For demonstration pur
poses, only one of the differential 
couples has been shown. A top which 
fits over the Inconel sample holder 
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in Figure 1 iR not ;;hown. In additioll, 
0. furnace covrr wa1'l pltwt'd 0\'('1' I ht' 
fllJ'J1IWI' 10 l'l'nd!'r I he ;;yslrm ins('n ~it i\'(' 
1.0 room I\ir ('IIIT('nt;;. 

Thermocouple and Sample Param
eters. :-;il1('(' III!' IIH'rJllO(,Ollpl ('~ ill'(' 

re\:Lt.iv('l.v fixed ill Ihis Iyp(' of >olllllpll' 
holdN, 011('(' 111<' sysl ('Ill hal"! 1)('1'11 
hahlll'l'd t () provid(' lLll :u:e!'pl.ahln 
baRe lillI' , Ilu'l'llllLl IV;YIllIIH'I.ry will not 
he an illlporl.HIII. faclor heC!tLllse thc 
basc~ line will remuin ('('producible. 

The initial base line lIIay he adjust.cd 
by decreasing or enlar~ing the size 
of the loop II.S well u.s by movement in 0. 

horizonlal 01' verl.ical direction. A 
base line is I hl'n I'lln IIsing semispheri cal 
aluminum puns whil'h vary in weight 
from J .75 to I $() Il\~. I';vahmt.ion of 
this bal<e linC' pI'rlllilH l<uhscC)ucnl ad
justmen t. of Ill!' dilTel'C'nlilLl coupleR lo 
provide a Illorr horizon I ILl hase line. 

The sample' Hi7.(~ required in this type 
of RyHtNlI is g(,lIrmlly from 0.1 to 
10.0 Ill/!: . deJll'neling IIpon whrthrr or 
not t.he 1.lH'rmogl'lllll~ ttl'(' 1.0 be uHrd for 
qlllLlil.nt ,iv(~ or qUlLnl il at,ivl' )l1l1'1)()S(,H. 
Ohviously, Ih(' IIILIIII'I! of I.he I.mnsil,ion 
i/o! lUI illl)lorl II II I. fILI·tlll· s ill('(' first.ord(,l· 
t.l'ILnsil.iolls will I'('qllin' W'l1('mlly le'~>; 
flalllpl!' IIllti II I""'('r 1<!'lIsil ivit.y t1ml1 UIO 
deI.C!I'I11iIlIl Lioll o\" s('(:olld ol'dl'l' (.l'IIllsi
Liolls. 

A decidc·d ndI'Hnlaj.(l' of LiliH \.el:hniqll() 
is t.hat t.he :-lLlllpl(' PHIlS may hn e1is
cn.rded after ml·h rllll ILlleI rnplaeed wit.h 
new oneH. Also, when polymerH are 
run the carbon illlLl.ion of t hl'sn InILt.nrials 
docs not ('onlmllinttt(, the thermo
couplrR Riner Ihe Hample is not in 
actual physi(·:Ll ('ontaet wil.h thc thermo
couples. This S,YI<II'1ll providrs ('xcel
lent hll sl' lin!' stabilit.y frolll onr rlll1 to 
th(,l1pxl . 

Calibra tion. Thl' ('alilll"lliinns \\'('\'e 
perf o 1"I1I !'ri lililir.illJ.!: a lilleur pro
gmrnrning r:lll' of 10° C' ./minlll.r and 
helium a~ II\(' dyrmmie gas to pJ"('v('nt 
any oxillal i \ 'C CITI'CtH. The inlit rlr
menlo was calibm Lc·d, and Lhe J( values 
were dct.l'I'llIi nrcl by lIt.ililling Lhe heat 
of fusion of t.in , 11.0 (,LLI./gmm (.9). 
The material under stlldy WU1'l placed 
in the lifLll1ple container amI no rcfpl'('nce 
mater'iLLI wn:; IIsed. ]( was deLcl'lllined 
for euch diffrr('nLiul thermocouple by 
men.nR of t.he following equlLLions which 
describc' I,he rrHponse of the sysLcm. 

200· 300 ·C . 

I I 

2. - '--~.--

EXO I 3.-J-'=-·" 

ENOO 

4.-

Figure 2. Thermograms showing areas 
used for C

" 
determinations 

(Sensitivity, 50 /.Ivoll/lnch) 
I. Thermogram of basa line wllh empty pans 
2. Thormogram of 7.55 mg. of dlcyandlamlde 
3. Thermogram of 10.0 mg. of tin 
4. Thermogram of 7.66 mg. of benzoic acid 

Determination of Specific Heat. 
To teHt the vttlidiLy of the prec)eC\inll: 
equatiolls Il:overlling Rpecific hCHLt, a 
baHe line, in dllpli c:nl.e, WitH 1'1111 wit.h 
empty sumple pans. The urea (b) 
encompassed between the base line 
und a line extended horizonLn.l1y from 
am hien t to the desired upper tem pel'tL
tlll'e was measurcd. (Sec Figure 2.) 

The (a) area, us shown in Figure 2, 
was measured on a spries of sn.ll1 ples to 
the desircd upper tempcmture. When 
a tmnHition occulTed below LOO° C., 
only the urcn. below this trnnsitioll was 
usable and the same area measurement 
to this transition tempemtul'e must be 
carried out on a blank run. 

Those areas above the constl'Ucted 
horizontal were considered positive and 
those areas below it negative. All 
rneaRUl'ed ureus due to sample effects 
were subt.mcted f!'Om the area of the 
blank base line. This n.reu was then 
treated [LCcordinll: to Equation 11. 

Area 
gram 

Mea of sample transition X range set.ting of interest (/lvolt) 
Sample wt. (grams) 

(12) 

M! I of standard (caL/gram) 
Area/ gram 

Cn\. = Cal. = K (13) 
Area mm.' 

From an initial run of benzoic n.cid, the 
net correction resulted in It multiplica
tion factor of 1.68 (1(1). The eq\lD.tion 
utilized for all subsequent specific 
heat determinations reduced to, 

c = [(X (Area under bn.se line IV / 0 sample - area under base line w /sample) X 1.68 
II U X P X dT 

The [( values determined were 2.80 
X 10- 6 cal./mm. 2 for differential couple 
1 and 2.65 X 10- 6 caL/mm.' for dif
ferential couple 2. Varioud mnge 
settings of the d.e. amplifiers provided 
identical K values from Equations 12 
and 13. 

(14) 

The terms in Equation 14 hn.ve been 
defined previously. 

The specific heat of 0. series of sn.mples 
was determined. These resul t;,'1 arc 
shown in Table I. 

Determination of Heat of Fusion. 
The variation of heating rate, so.mple 
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Figure 3. Thermogram of naphthalene 
showing areas used for 6H, and 
6H. and C" determinations 

(Sen.ltlylty, 50 /.Ivolt/lnch) 
1. Thermogrom of bo.e line with empty pan. 
2. Thermogram of 8.3,( mg. of naphthalene 

Areal' 
b - (- 0) - Area due to C,. 

c - Area due to 6HI 
d - Area due to 6H" 

Kizo, nnd :-miliple Hlw,pr. WItH evnluat.ed 
Rince thr~c flLet.OI·S 11ILVr. heen known 
Lo have It mlLjo!' elTed upon Lhe rellulL.':I 
obl,ained (3, 12,28). 

The IWltls of fllsion were determincd 
on a seriPH of eompollnds at 0. progmm 
mte of tOO C./minute. The heaL'! of 
fusion of several compoundli were then 
drLrrmined at a fJrogl'l1m mte of 40 C./ 
minute. This rn.te wn.s thought to be 
significn.ntly dilTcrent from the originLtI 
to provide n bn.sis for det.ermining nny 
elTrc:t II pon ILrc:n.. 

The sample size WitS varied from 2.0 
to 11.0 mg. in order to determine this 
eITrct upon heat of fusion. Benzoic 
acid was utilized for this evaluation. 

The effects of sample state upon ben
zoic tWid were also determined. Ben
zoic acid is normally obtained as fine 
crysLnlR. This compound WLtS fused 
nnd 11. portion WitH utilizcd for the heat 
of fllSioll det.ormilllll,ion. 

III lL :-;1!plLmt.o (,XI)(!I'imelll" tin, whidl 
Will" in t.hl! physil:al slJtte or Knmll 
gl'lLIIIIII'S, waH flat!.i'ned into a I,hin 
sh('e(, hy PI·(,SSIII·I!. Tho hrat or fURion 
waH tJlell doterrnillNI on an appropriate 
size snrnplo of the tin Rheet. 

All hea!.,> of fusion are based on the 
calibration values reported previously. 
The results of these expenment.'l arc 
listed in Table n. The areas utilized 
for this mcasurement are shown in 
Figure 3, a thermogram of naphthalene. 
The heats of fusion and vaporization 
were calculated from the following 
equation; 

Table I. Results of Determination of SpeciAc Heat 

I::iamplo 
p-I )ini tr(lhcll7.ene~ 
p-Dini trnhen7.ene" 
Z,4-Dini I,rololuene~ 
2,4-Dinitrntolueneh 

Hilver nitrate 
Hilver nitrate 
13enzoie n.rid 
Ben7.0ic lI('id 
Tin 
Tin 
Oxalic' IIcid 
Nic:kelllllH lIit.l'IIlu 
1 )il:ytLndilLlllilie 
Nnpht.hnlc'lw 
Polyethylenc 
l'olystyrcnc 

Cal. 15° /gmmjOC. 
GI" determined 

0 .25 
0 ,23 
0 . 34 
o. :~!i 
O.O!i 
(J . O!l 
O.Z!! 
o .~:'! 
O. IH 
() IH 
O. ;m 
0 . 017 
0.1\0 
O. I\() 
O. fi(j 
o.al'; 

Cn.1. 11';° /gro.mjOC. 
GI" knownB 

O.2fi!l at 11!l° C. 
0.2!iU 0.1. 111)° C. 
0 .350 at 100° C. 
O.3fiO at 100° C. 
0.146 Ilt 50° C, 
0.11\(j LIt fiOo C. 
0.287 nt 20° C. 
(),287 Itt 20° C. 
O.Ofi4 Itt 20° C. 
O.OM at ZO° C. 
() , ;JaH Itt -:W(J° to +50° C. 
O.47:.! lit SO° C. 
0.4MI ai, f)0 to 204° C. 
(J,402 at 87.{)0 C. 
f),lili 
O.3Z- 0.31i 

• All known e" vnlues wel'e olJtllineu from HeferenceB [) 13 nnu 14 
b BRI:!tnllln Whito L,.LI.)el, all othor reagents nro C.I'. grnd~ o~ boLtor .. Polyothyleno lind 

polystyrono woro rocolveu through courtesy of Monsanto Chomielll Co. 

Table II. Parameters Studied and Results of t:.H, Determinations 

Clll. 
Cal. 

15° /gmm 

Smnplo 

Hllmple 
Hiv.c, 
mg. Heating mto Sample atato 

l{)o/gmm 
doter
mined 
6111 

known
A III 

Tin 
Tin 

10.16 
10 . 70 

100 C./min. 
J00 C./min. 

Nurnllll 
)t'llIllcned 

shcot . 

13.8 
14 ,Z 

14 ,0 
14,0 

Benzoic: Iwid 4 ,!Ill 10° C./min. Fuseu :l4 .11 
:Ji1 . 1. 
:1:\,(1 
1:1.(\ 

:{:I.1l 
:la . \) 
:la , \) 
]4 , 0 

I\nn7.0il: ILI'id (1.1<1 10° C./Illin. N 01' II IIti 
IIl!n7.0il· Iwid Ii. 7:1 LOo C./min. Norlllal 
Tin 2 , ,11i 10" C./min, Not'lIIlt! 
Indium ~ ,'1:.! 10° C./min. Norllllt! (\,11 

1 Ii. Ii 
28.2 
:l(l.O 
:la ,n 
27.1) 
13.3 

(\,8 
17 ,7 
2(1 .4 
:15 ,(1 
3:} , \) 
2(1 ,4. 
14.0 

Silvlll' nitl'lli\' 111 , 1111 10° C./min. NOl'Illal 
2;4-l>illill'Ololtlmw r), 1l1\ 10° C./min. Normal 
Nllphl.llllll'lI\' ILa4 J0 0 C./Illin. Normal 
13cnzoil' ,wid Ii . r,7 ' I ° C./min. Normal 
2l~-])initl'Ol,oltWII(f iUlO t\ ° C./min. Normltl 
1111 li, al ,,0 C,/min. Normal 

• All 6111 VltlUCB werc ohtninetl fro III reference [) 
b ERI:!tmnn White Ln.bcl, nil other rcagents aro C:l'. gratlo or bottor. 

DISCUSSION 

TIH' pOl'l illn of I,ll(' t h(,I'1110~mml< from 
n.mhi(' 11 1 III 1000 C., ill Figure 2, sltow 
thai, til! ' "':tlll pl(' 1'0111'1(' l'lln Ill/.( the ref
el'l'IIl'l' ('ott I'll' :tpprel'iably I dcpcnding 
upon Iltt' "llI'cifi(: Itrllt of the sample. 
'fhel'm:d dilTusivit.y or the sample and 
heat transrl'r of the sYHtem arc also 
import.tmi rm:tors. The I'[l.W of transfcr 
11<'1' IInit. Limr WItR eonsidrred /L fixed 
vahl(' ({'ollsL/Lnl,), h(,I'ntt141' t.IH' sl'(,l'd of 
reHpOnl"1' of I,lli' P(,11 is fixed /Lnd lUI I'Xlwt 
cltltrt. :-;I'('('d of I ilwh/ IO mirtllLt':; WIlH 
111;l'd Lhl'lltt~hout. 

Olle!' I his lag has been overcome by 
heat input. Lo the Rystem, tlte sample 
curve rollows thc baRe line curve closely 
ann may r('ndel' specific heat determina
tions in l'xtrncled temperature regions 
ino.ccumLr. However, when the specific 
'heat value of 0. mo.terial changes 
abl'uptly due to a morphological trans
formation-e.g., glass transition-this 
change is readily detected and 0. reliable 

value or the ehanp;e is posHiblc evell o.t 
elevated temperatures. 

Equo.tion 14 is valid only for Lt number 
of specific heo.t determinations ill which 
the instrumental conditions arc held 
constant. During any series of specific 
heat determinations, the thermocouples 
must not be moved ami the Mme sets of 
semiRpherical:o;ample and reference pans 
must be uRrd. A change of sample 
pnm(, even thoup;h weight. difTerrnce14 of 
t.he ImnH nlYloltnil!d t.o only 0.1 mp;. , 
rtlTrcl,('d t.he valll(, or 1.11l! rmHtI t. AHym
met.ry of the pallH whieh may vllry 
slightly on forlllinJ,l Illay also he ItIl 
important factor. Any adjustments of 
the recorder for sensitivity or dampening 
also affect.s this measurement. The 
furnace should also be covered to pre
vent drafts which will result in thermo
couple drift and identical heating rates 
must be used. . 

t:.HI or t:.H. 
J(X area in mm.' X range settin~ of interest (Ilvolt) 

g 
(15) 

Additional errol' may be introduced 
by the inability to measure accurately 
some of the small areas experienced. 
All areas were meo.sured in triplicate 
with a plane planimeter and the results 
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.. 
woro n.Vl'I'lLJ1;CU. Gren.wr error wn.s 
experirllced for I,he inor)!;tLnic l:in.mples 
rxnminNI. Thi~ mny be chI(' in part to 
thr lower specific hen.t Vn.hICH of silvrr 
nitrnte nnn tin in particulnr, or prrhapll 
difTerrnces in t.he t.hormnl conduct.ivit.y 
of those mn.trrinls nll compnrcd to 
orp;n.nicH. 

MIUW known Hpl1c:ifi<: heat, vnhleR are 
nvailahlo only at certain tem perntll res, 
whilCl nil vnlllClH report('l1 in this papClr 
11m IW('I'UP;<' vnhH's. Whenevor possible 
the tempeml,lIre reJ1;ion IIliCld for an area 
memmn' III(,lIt WII .. ~ ambient to 100° C., 
whieh made d'l' = 7(j° C. If IL Mnl/Lller 
rlT mllst, he llsed , dlle t.o trnnsitions 
helow 100° C., tho nl"OtL me(l..'Iureci will 
he I'Imnllor Imrl )!;rrILtm' elTor will be 
in trod II C('cl. 

The speeifie hClLI, WILl; detel'lIIinod on 
10 8eptLI'lLlo RnmpleA of nnphthnlene. 
The Ht.nnutLrd devitLtion at the 95% 
eonfiuence level wns founu to be ±0.02 
en.I./)!;I·am;oC. 

Smllple Hize, hentin)!; rnte, and Rample 
IItlLW did not nfTeet t.he neCllrtlcy of t.he 
helLt of fusion mCln:<III"CllIent for t,hi l:! 
lIy:<t,cm. TIl('s(l ("(':-;11 I t,:; Mllbstlml,i'Lte 
Vold'tl eqllationH (28) alld Khow that 
nrlll'ly eqllilihrillm eondiLionK exist. for 
t.hiH Hy:;lelll. The d('pl,h of the dif
f('("('nlial t('lIIpl'mt.lln' and the width 
of tlw t.mnHit.ion IW(\,k vary wit.h Iwat.inp; 
mt~l ; hili, 1,110 IJlI,ld Itn'lt dol'S not <:h'LI1/1:(l 
wit,hill I,hn 1'1"1"01' of 1.111' 1IIP(\"~III'(~mnnl, it,.. 
H('1f for idenLiml :;ill(! SILIIIPI(~H. 

TheAI' reHlllt.~ ILI:;o show t,hnt. J( it! a 
('on:;t.an t nnd tCll1pemt,lIro illdependent 
OVCI' the t.emp('mt.ure I'IUl/l:ClI:! investi
!!atell nnd that t.he phYHical Rlmpe of I,he 
Hn.lI1pleH doeH not. nITecl, t.he reRlllt", 
wit,hin the pr('riHion of t.he dct,cl'minn
t.ioll. The faet that, accurate fj,ff, 
value!! wC're obt.ained for a variety of 
HllhHtane('~ OV(~I' extended tempemtllre 
runp;('H lIho\\'s that. anyone material 
could have hl'cm used for calihmtion. 
Tin WitH chol'l'n as the calihmtion 
slandlm\ brcallsc of the compn.mtive 
e(l..'IC in handling thiR material and nlso 
for determining whether or not the 
calibmtion value could subsequently be 
applied to other materinls which mani
fest transitions at widely divergent 
tem peratures. 

The theoretical lIiHcus,,,ions nRRume 
1\, = K. = 1(, Althoup;h it hnR been 
Rh()wn that J( is invnrilml" in pmetice it 
is dif1ieult to achieve the condition that 
/(, - K.: however, it is possible, but 
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time ron;:llnlill)!;, to do so . This docs 
not invalida I I' till' t hNlrrtiml trentment 
sinee K , (':111 il(' Illude I'qullI to J(. 
by themlo(·oupl('. adj ustment (syn theti
cally), or hy qlllmtiln.tive mraslIr<'ment 
from knowlI IIl1ttrria lH, ::meh a tin or 
benzoie Iwid and I,hrn adjuHt.inp; one hy 
11. slIill\ble fl\ct.or. 1l01VrHr, the ('xprri
menl,nl treal,rnent t.ake:-; into aecoun t 
slip:ht. diIT('I'(,IH'es I)(,t.we('n 1\. , Imll 1\.. hy 
COlIHidl'rill)!; t.lu l s'ystf'1ll I'lTl'd.s /llId 
HyRt1!1Il pIllS :-;alll pIp ('ITret H, :-;('paml ely. 

TIIP. ('Itliilmlion WIlH l'I'I\(':~trd \\'c'('kly 
t.o provid(' IU'('lImt(' r('slIll s li nd (,Ht.:~hli sh 
I\ny iml('I('rlllillal (' illst I'Il11 l('nt ehlln)!;(':-;. 
• ' Iip:ht variat.ioll s in /( w('r!' C'xpni(,II(!('d 
over IL 7-dILY pniod. The !:lIlibm
tion fnclor, K, from an rnsily handled 
material like tin, W(I.."I applicable for nil 
heat..'l of fU Rion of those compounds 
inveHtip:at~'d . 

Tn addit,ion, 1\ vltlue of 77.2 cal./J.'(mm 
fOI' t.he hl'at of vrLporiwl ion of nnpht Im
lene (fj,fl .) waH oblailH'd . This ('0111-

pareR fn\'o mhly wilh I hI' Ii I ('mtul'(' ,,[LIllI' 
of 75.[i ml. / J1;I·IUII. Fip:III'(':J showH til(' 
m'elL ut,ili:wd for t.his 1I1('IlSIII'('\lWIIL. 

'1'11(' f' tmHl fU'C 1 devilLt,ion ILl. the OocYc, 
conficlcn('e level for fj,f I, ancl fj,f I . of 
naphtlll\l!'IH' wC'rr. found 10 Uc ± 1.5 
cnl.//l:mm Itnd ±2.0 ml.//l:I·nm, 1'1'

IIllllctiVl'ly . 

CONCLUSIONS 

'1'11(' nPl'lic'lI llIllI of thi s t.l'I'(' of SYR\,(> III 
pel'mil"" I,hl' d"(!'I' lllill lLt iOIl of tl /f , I\(ul 
e" on II \'lIri(·t.l' of illo r)!;nll ic' !llId OI')!;1U1ic 
cOmpOIIII(/:; fl'OlII I~ HillJ1;I(' ('lI.l ihmtioll of 
all elLsily hl\.lIt1lcd IIl1tl,(')'inl r./I:., t.ill. 

Altholl/l:h <'''rr.v r ITol'l, Il1I1HI, I)(} ex
tenued to IlllLillt.ni n 1\ (:oIlHlant ('ITccL of 
ptLmnw\,prs t,hltL cltnllOI, 1)(' numerically 
C\Iulllalcd, vlLrilthl('s Hlleh as sample Hi ?e 
(within lim itH) , hmlill)!; mt.e, and 
!lamplc Ht.nt(' did 1101. have delct.el'iollR 
cfTects II pnll I lIP I'('HllIIH. 
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