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THERMAL ANALYSIS OF THE PHOTOSENSITIZER 
~~BIS~AZIDOBENZYLIDENE~METHYLCYCLOHE~N~NE 

KIM RITCHIE AND CECIUE MAL~~IEWICZ 

Motorola Inc_, Semiconductcr Products Division, Phoenix, Atizo~ (U.S.A.) 

(Received October 16th. 1969) 

Azides are often used as sensitizers in photographic processes. One frequently 
used azide sensitizer which has not been studied extensively is 2,6-bis(p-azidoben- 
zylidene)4methylcycycfohexanone (ABC)_ This study was undertaken to determine the 
effects of u-v_ irradiation and solvent on the thermaI behaviour of ABC The results 
demonstrate the value of thermal analysis in detecting structural changes caused by 
solvents and chromophoric changes caused by U.V. irradiation of the azide. 

Dynamic thermal methods of analysis are becoming increasingly important 
techniques for the study of materials. In recent years, emphasis has been claced on 
employing instrumentation to develop unique methods of investigation, such as infra- 
red spectroscopy (i-r.), electron paramagnetic resonance (e-p-r.), mass spectrometry, 
X-ray techniques, etc. 

Although azides are often used as sensitizers in photographic processes, the 
thermal behavior of 2,6-bis(pazidobenzyfidene)4methyh&obexauone, hereafter 
known as ABC, has not been reported. It is the intent of this report to discuss a 
study undertaken to determine the properties of the solid state of ABC. The solution 
chemistry of ABC and its stereochemistry will not be covered in this report. 

Our study of ABC may be divided into three separate phases as follows: 
(I) thermal stability, ABC is very sensitive to temperatures greater than 30”; (2) %-UC- 
tural change, ABC can undergo polymorphic modification by the treatment of 
organic solvents; (3) Electronic effects, ABC can also undergo electron deIocaliza- 
tion by U.V. irradiation without a change in its molecular structure. The U.V. irradiated 
ABC shows a thermal specbxm different from that of non-irradiated ABC. These 
changes can also be detected by e.p.r. but not by i-r. spectroscopy or X-ray diffraction. 
This study not only determines the therm& behavior of ABC but also demonstrates 
the capability of thermal analysis for detecting an effect due to electron shift in a 
molecule (free radical). 

ABC is prepared by precipitating the reaction product from a mixture of 16.1 g 
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(&I mole) of 4-azidobenzafdehyde and 5.5 ml (0.05 mole) of cyclohexanone in 100 ml 
of methanol and 5 ml of 25% KOI-I’. The precipitate was washed with methanol and 
water, then dried under nitrogen. This final product of yellow crystals was designated 
ABC,. When ABC,, was dissoived in an organic solvent and dried under nitrogen it 
yielded reddish-brown crystals which were designated ABC,. Wren ABC&r or ABG 
was irradiated under a 200-watt PEK Hg lamp with an intensity of 980 lumen/cm’, 
it yielded dark reddish-brown crystals designated as ABCMuv and ABCs, respectively. 

The primary instruments used were the DuPont Differential Thermal Analyzer 
(900) with the Differential Scanning Calorimeter cell (DSC) and the Ihermo,sravi- 
metric (950) Analyzer (TGA), To support the resufts of these instruments i-r_ and u-v_ 
spectra were obtained from the Beckman IIZ-4 and DB-G, respectively. X-ray diffrac- 
tion patterns were run on a Norelco diffractometer. E.p.r. and wide-line n.m.r. were 
obtained from Varian Associates. 

The DSC and TGA runs were made in dry air atmosphere with sample size 

and heating rates indicated in 2ach figure. On the DSC, samples of varying weights 
were run with no apparent difterence in the thermal spectra. Samples were run with 
a hermetic and non-hermetic seal of the aluminum pans, again with no apparent 
difference. The aluminum sampfe pan was compared with the Pyrex sample tube in 
DTA, with no apparent difference. 

For tbermaf stability studies the DSC cell was used. The samples were first 
kept in an isothermal mode at 120°C for one hour, allowed to cool naturally to room 
temperature, then run under standard DSC conditions indicated in each figure. The 
samples were also run at a very slow heating rate of S”/min as opposed to the standard 
heating rate of 20°/min. 

The photoresist sensitizer, ABC, displays two crystalline forms: red prisms 
and yellow needles. Both forms melt at I31-132°C when the crystals are heated 
rapidly. 

It has been shown that many light sensitive solid phase reaction mechanisms 
relate to the crystalline structure of the reactants. For instance, Cohen and Schmidt 
investigated the photochemical behavior of cirnamic acid’. The different precipitation 
procedures yield two different crystahine forms, a and j? (B form is me&table)_ By 
X-ray diffraction method, Schmidt showed that the photo-active structure of cinnamic 
atid can be correla++ced to the packing arrangements of nearest-neighbor in the mono- 
mer lattice. Our study was crrried out first to obtain the thermal stability of two ABC 
crystalline forms and seconily to determine the ability of the thermal analyzer to 

distinguish the lattice simcture of ABC crystalline forms, The following discussion 
will be divided into three separate parts, structural change, thermal stabihty, and 
electronic effect. 

S!ruclurai &zrge 
Fig. 1 shows DSC curves for ABC& and ABC,. The endothermic peak tempera- 
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Fiig, 1. DSC of ABC; rate, ZO”/min ; sample sizt, 20 mg; atmcspficn, air; AT, O.S”/in. 

ture of ABC, is slightly higher and has only one peak while ABC,, has two peaks. 
Many solvents were used to convert ABC, to ABC,, among these were xytene, 
acetone, methanol, CHCI,, CC& and trichloroethylene, Attempts to convert ABC, 

to A3CM with solvent treatments were unsuccessful. ABC also exhibits a large 
exothermic peak which is shown in Fig. 2. The exothennic curve shows a shoulder 

EXO 

DSC c 1 t 
AT in 

TGA I 1 
EYOO 

t 

oii- 
Fig. 2. Therms1 decomposition of ABG; TGA-rate, ZO~/min. sampIe size, 2.58 mg; DSC-r&e, 
20a/min, sample size, 1.0 mg; AT, l.O”/in. 

that suggests two possib!e exothermic peaks. The TGA curve (Fig. 2) aIso shows two 
dopes of the weight loss. The weight fess may be due to the thermal elimination of 

nitrogen. At present the gas effluent has not been directly identified as nitrogen, but 
it indirectly was confirmed by the disappeareanee of the 2140 cm-’ (4.73 p) tide peak 
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Fig. 3. U.V. irradiated ABC; DSC-rate, 2O”/min; sample size, 20 mg; AT. OS’~in. 
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from the i_r_ spectrum. The TGA results (Table I) are also in good agreement with 
the theoretical vafues: two moles of nitrogen per mole of ABC. 

TABLE I 

THERMAL DATA OF ABC 

DSC ABCw 6.8 100.0 
DSC ABCS 6.5 112.1 
DSC J-GtW 4.8 107-I 
DSC ABC&v 4.3 - 
DSC ABC,, - 80.8 
DS@ ABC& - 563 

DSC’ ABC- - 48.8 

lxemlaz ABC % i7ieorericul % ZZxperimeizzal 
mode tme rcl. Ioss ret. loss 

TGA ABC& 16.1 16.2 
TGA AI=S 16.1 15.5 
TGA ABCm- 16.P 16.1 

%unpies were kept at 120°C for one hour before the normal procedure_ Drhis value was calculated 
with assumption that there xvas no molecular-u-eight change by u-v_ irradiation_ 

AIso, both the X-ray diffraction spectra, Fig. 4, and the Lr. spectra, Fig. 5, show a 
definite structural difference between ABC,, and ABC,. ABC, and ABC, were also 
exposed to the wide-line n-m-r. spectrophotometer, The compounds have quite 
similar spectra, Le., the peak-to-peak distance is about 12 gauss at 70°C for both 
samples. However, at 100°C the signals have indicated some narrowing down to 
approximately 9 gauss for ABC, and 5 gauss for ABC,. These effects may be due to 
the molecular movement3_ 

-ABC& of AtQur 

---- AEiC5 or A~SCS~~ 
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Fig, 4. Powder X-ray diffraction of ABC. 
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Fig. 5. 1-r. spectra of ABC (KBr). 
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Fig. 6. E-p-r. spectra of ABC; scan range, XIOOG; time constant, 1 stc;microw~vc power, 10 mW; 
field set, 33986, scan time, 2 min. 

The thermal stability of ABC was studied using the procedures given in the 
experimental section. First the isothermal mode and then a very slow heating rate 
mode were employed_ The DSC curves of ABCM and ABCs, Fig. 7, are the fir% 

Fig. 7. Thermal stability studies of ABC on DSC ABCM, ABCS - rate ZO’lmin, sampie size, 20 mg, 
AT, O.Y/in (preheated at 120°C for I h); ABC=*, ABC&- - rate, 5O/min, sample size, 20 mg, AT. 

0,5*&l. 
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condition. The results indicate thermaI instability of ABC, especiaI.Iy ABC,. The resuk 

of the second condition, Fig. 7, ABC,_ and ABcC;- aIso indicate thermal instability_ 
AU the conditions on DSC programing being equaI, if the heating rate is decreased 
then LIH should be increased provided there were no thermal changes on the com- 
pound, According to Fig. 7, the sIower heating rate (5O/min) shows a smaIler AH of 
ABC fusion endotherm than the faster heating rate (2O*/~n) shown in Fig. 1. ABC 
is very sensitive to heat, and a possible oxygen adduct was also noted by TGA as Iow 
as 30°C. This phenomenon appears to be a surface reaction of crystahine ABC. 

Table I shows the AH values of ABC endotherms and exotherms. The heat of 

fusion endotherm of U.V. irradiated ABC is less than the non-irradiated. The DSC of 

u-v_ irradiated ABC, Fig. 3, shows a marked difference from the endothermic peak 
of non-irradiated ABC (Fig_ 1) as a shift into lower temperature_ These changes are 

apparently not due to a structural change but due to an efectronic change resuiting 
from u-v. irradiation. The X-ray diffraction spectra, Fig. 4, showed a definite structural 
difherence between ABC, and ABC& but showed no difference between ABC, and 

ABC,, or ABC, and ABCsw_ The electronic changes caused by WV_ irradiation 
on ABC, are not on& demonstrated by DSC but aIso by e_p.r_ E.p.r_ spectra, Fig_ 6, 
show the eiectron delocahzation of the nitrogen atom- The concentration of radicals 

is approximately 1Or6 spins more for ABt&v than for the non-irradiated ABCM3. 
The u-v_ irradiation of ABC appears to have no efTect on the molecular structure 

which was shown above in Fig. 4. This was also demonstrated by u.v_ spectrophoto- 

metric anaIysis of so!utions prepared by dissolving exact amounts of ABCh,uV and 

ABCsm,_ The wave maximum and extinction coefficient of ABCMuv or ABCsuv is 
identicai to the values of ABG, 

The following scheme may be summarized as the polymorphic modifications 
of ABC. The solid state is indicated by [ 1. 

f 
Unknown complex 

-The eIementaI andlysis of ABC,, AJ3G, ABC,,,, and ABC&v are shown 

Mow. This is also a good indication that these poIymorphic modifications have 
identical motecular weights (C = 68.5320.20, H = 4.86&0.15, N = 22.00+0.25). 

&3CM can.&+dergo a topbchemical change to ABC, by treatment with organic 
SoIvents. EIectron deIocaIiz&on of ABC by u-v. irradiation occurs without a change 



in moIec&r structure_ The electron de!ocaIizd ABC is stable until dissolved in 
solvent, ABC is very sensitive to temperature5 greater than 30°C. The thermal ana&zer 
can be a useful instrument to demonstrate molecular structural changes and electron 
delocalization. 

ABC was supplied by the photoresist Iaboratory section of Motorola Central 
Research Lzboratories. E.p.r_ and wide-line n.m_r_ spectroscopic work were done 
by Drs. W. C. Land@ and L. 0. Andersson of Varian Associates and their stixnu- 
fating discussions are appreciated. We also appreciate discussions and encourage- 
ments of Dr. W. L. Hunter. 
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