
DIFFERENTIAL SCANNING CALORIMETRY STUDY OF CHARGE- 
TRANSFER COMPLEXES OF POLYNUCLEAR AROMATIC IIYDRO- 
CARBONS WITH THE ASYMMETRIC ACCEPTORS 2 AND 4-NITRO- 
PHTHALIC ANHYDRIDE 

Charge-transfer, crystalline complexes of 3- and 4-nitrophthalic anhydrides 
WitIt a number of unsubstituted poIynuckat aromatic hydrocarbons were studied by 
differentiai scanning catorimetry, The 3- and 4-nitrophtbatie anhydrides are com- 
plexing agents more selective than s-trinitrobenzene and pyromehitic dianhydride, 
and only form compkxes with a few of the twelve hydrocarbons invest@ated,~ 

Under th’e adopted conditions 2-NPA forms complexes with: pyrene, 3,4- 

benopyrene, and 1,2,5,6dibenzoanthracene; LGNPA forms compiexes with these 
hydrocarbons and with anthracene, phenantbrenc, I,%benzoantbracene, benzo- 
perylene, and coronene- Though having an electron afIinity close to that of s.trinitro- 
benzene, 4-NPA forms Iess stable compkxes with the poIynuclear aromatic hydro- 
carbons, due to the asymmetry and non-planarity of its molecule. 

Charge-transfer (donor-acceptor) complexes of pofynuckar aromatic hydro- 
carbons (PAH) with aromatic anhydrides or nitro derivatives generally have a rather 
high tberma! stability r--3- Most complexes of this kind can be mekd aad repeated@ 
crystaKz.ed from the melt without separation of the components. We, therefore, 
thought it intmsting to asmrtah whezber acceptors containing one n&o and one 
anhydride group also form with the PAHs crystalline complexes with a thermal 

stability comparable to that of the previousIy studied eompkxes- 
With this aim, we prepared and studied by ditkrentiaf scanning calorimetry’ 

(DSC) the charge-mfm comp1e.x~ of PAHS with 3- and 44trophthaIic anhydride 
(NPA). These acceptors, besides being the simpkt nitrcr-aromatio anhydrides, have 
asymmetric molecules and therefore are selective compkxing agents4 We determiuzd 
the temperature, enthalpy and entropy of fusion of the above-mentioned eornpkxes, 
Tn addition, coupled with X-ray powder difI?raction, the thermal study allowed to 
characterize the crystal transitions taking place in the temperaznre range considered 
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Ali the PAHs (Flu4 Buchs, CH) were used as received. The nitrophthahc 
anhydrides (3-NPA Aldrich Chemical Co., and &NPA Eastman Kodak Co., Roches- 
ter, N.Y.) were contamina ted with the corresponding acid. For purification, heating 
in an oven was applied, at 215-218°C for 3-NPA and at 165-168°C for 4-NPA, 
during three hours; the anhydrides were re.erystaIlized from acetyl chloride’- 6. 

Measurements and analyses were carried out with_ a differential scanning 
calorimeter Perkin-Elmer DSC IB; IR and UV-vis speetrophotometers Perk&Elmer 
Model 21 and FZPS-3T_ respectively; X-ray diffraction unit Philips Mode1 PW 1050/25. 

Prepmorion and mudysis of the complexes 
The complexes were prepared as previously described*. 
The stoichiomctry resulted 1: I, except for 1_2-benzoanthracene/4-NPA, 

1~5,6dii thracene/4-NPA, and 1,2,5,~ibenzoanthrne/3_NPA. These 
complexes have a donor/acceptor molar ratio 1: 2. 

Calorimetry 

From 2 to 5 mg of sample were heated at 16°C min’ ‘ in a nitrogen fi_ow, in 
seaI& paus to c&xt volatile materials, from about 30°C to complete mehing. 
The melt was coolcd, kept at room temperature during about 30 min and re-heated. 

Each sample was melted at least thrx?e times. The iustrum ent was czdibrated by an 
indium standard (99_999O&, m-p., 156°C; A&, - 6.79 kcal g- I. Transition and 
melting temperatures and the area of the related peaks were cakulated as previousIy 
dcscriiis. X-Ray diffraction patterns were recorded whenever the complexes 
showed curves with peaks before the melting. 

RESULTS . 

Table I giva the thermodynamic data (T, AU,, A.!$) of the acceptors heated 
and re.crysmiIized. The values for 4-NPA refer to the first mehing, as this compound 
crystallizes with extreme difficuhy; aho having the sampIe at room temperature for 

an extended period, the fusion peak areas after the first run were always slightly 
smaller. The corresponding data for the PAHs are given elsewhere’. 

TABLE 1 
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TABLE 2 

175 
I36 
191 

118 
96 

179.5 
1235 
151 
195.8 
237.5 
280 

14.5 2 0.1 
83 -_1 O-05 

17.1 I om 

55 & c-04 
7 6 O-09 
5.8 1 0.1 

15 102 
8.1 I 02 

17.3 & O-07 
7-7 5 0.1 
5.8 2 O-05 

324 & 0.1 
202iO2 
36.9 2 02 

14 5 0.1 
192 $02 
128 2 02 
37-9 5 0.4 
19.2 f O-4 
36-P 2 0.2 
IS-1 * 0.3 
10.4 * 0.1 

Table 2 gives the thermodynamic data of the PAWanhydtide compIexes_ The 
data reported refer to the second melting of each sample, except for the cases discussed 
later on_ 

3-NPA forms ctystalfine complexes with the following PAHs only: pyrene, 
3,4-benzopyrene, i ,2,5,tkiibenzoanthracene_ In the temperature range consider&l, 
the above complexes do not undergo crystal transitions. 

The pyrene/3-NPA complex shows - during the first heating - only the 
fusion peak, Re-crystallimtion from the melt is very sIcw and not always quantitative_ 
During the second heating two new snail peaks (area not reproducible) occasionally 
appear, due to the melting of the two components of the compfex. The AN vahes of 
the second and further mettings remain constant and equal to that of first melting: 
the complex, partially dissociated, is completely re-formed et the melting temperature 
of pyrene and of 3-NPA, 

The 3-NPA/i,Z5,6_1DBA (29) complex has a pecuhar behaviour, The first 
DSC run shows only the melting peak reported in Table 2, In successive tuns this 
peak has a smaller area, In addition, a new peak shows up at 160°C X-Ray powder 
diagrams and phase stndies suggest that the peak at 160°C does not arise from a 
crystalline transition, but most probably from the formation of a eutectiG mixture 
involving components of the partially dissociated compIex. 

4-NPA forms crystaIline complexes with eight of the PAHs investigated. Only 
with pyrene and with I, i2-beuzoperyiene the complex shows crystaL transitions. 
Thermodynamic data (T,, AH,, and A&) are in Table 3. The data given in Tabie 2 
related to anthracene/4WPA and to coronene/Q-NPA refer to first melting. These 

complexes, after melting, are only partMy re-formed aod the DSC curv_a of samples 
which were previously melted are not superimposabie, 
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Of rhe pyrex@&NPA complex three crystal forms were obmved, indicated 
here as 1, Ilt, and 11L Form I is obtained by hystallization from a sol~nt, form II by 
cooliig from the melt, and form ITI is formed by both prufzdurts at hi& tcmperahtre- 

The I,Z,5,64&cnznzmthmcene~4NPA wmplex ~tallizes in two formx 
yellow and rad, We f&cd to separate the red form even by mechanically sorting the 
crystafs, The re5u~t.s in Table 2 refer to the yellow form, the most stable at room 
tcmpcrafxxxz_ On heating mixtuncs of the two forms in the differe&iaI xanaiaig 
caiorimcter~ a curve with two peaks was mrded: ooze of the yellow form at about 
195°C and the other uf zhe ~4 form at about 2iOT_ 

The mixatre resulting from crySaUizatiun of the melt has a con-qxx~tion 
diffrrcnt from the ori@.al ant, The area of the first peak increases, white that of the 
second dccrmses.. On repeat& melting-co&ing of the mixture, the red form is com- 
p&c@ converted into the yellow- The same takes place on hating the complex in a 
!Sealed vial, 

Most of the complexes tidied are stable enough to withstand rqxated ndting- 
coding cycla- Temperazunrs and entbalpies of ftion, however.. are lower than those 
of the correspondIa,e hydrocarbon Complexes with acccptoxs containing only nitro- 
or anhydride groups- Elswon aBin&y of 4-Z?PA is very close to that of the syuunetic 
aczzptor I, 3, S-triuitro~e4, bug the asymm&ry of the nitr~phthalic anhydride 

motccott Ma account far the lower thermal stabiEty of the complex- 
Sinar the complexes betvvexm PAHs and 3- and 44WA have physicoxhemical 

&zzt&%ics similar to those of the correspoading complexes of TNB, the same 
considerations reported iu rr& 2 concerning stmngth of the Dr A intera&on apply. 
Cansglueutfy,theO~Aintcr;lctiolnEscomspcmdia~yweakeatd in theorder DAPM s 
TNB > 6NPA. 

Aaually, crrm~n of thexmal stabiiity among cumptexcs of tfie titro- 
anbydridcs here invest&ated is not su@icicntiy significant_ due to the small numbex of 
data &&cd to 3-NPA- l[t might be noticed, however, that although this aclceptor 
m&s at high.r temperature than its isomer, the few crystaltine camprex& of 34WA 
rue& at tempcraauc~ tower than the corresponding 4-NPA complexes- 
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