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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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