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Abstract-The electromc absorption spectra of benzaldazme, o-, m-, and p-hydroxybenzaldazmes ,__ 
have been separately exammed m various solvents (ZU solvents and solvent nuxtures) The observed 
three groups of bands designated as OL (200-225 nm), 6 (289-307nm) and y (352-375 nm) are 
attnbuted to 7~* c T transltlons although expenmental evidence based on spectra obtamed m 
concentrated sulphurlc acid reveals that r* bcr(n) transrtlons constitute part of the y-band On the 
basis of group theoretic analysis, m the singlet mamfold, all P* +- a(n) tranSItIons (1 e ‘A, + 1’ A,) 
are out-of-plane (e) polarlzed while all P* +r transItIons (1 e IB,, + l’A,) are m-plane (x. y) 
polarized In the ratlonahzatlon of data, the theory of resonance has been employed where deemed 
useful The shifts of bands with solvents have been traced 

INTRODUCI’ION 

The electronic absorption spectra of benzaldehyde, 
o-, m- and p-hydroxy substituted benzaldehydes 

have been studied by DOUB and VANDENBELT [l], 

while SANTAVY and co-workers [2] have carried 

out extensive studies on the influence of various 

solvents on the u v spectra of these aldehydes 

ALEXANDER and co-workers [3] have studied the 

effects of solvent on the u v absorption spectra of 

o-, m-, and p-hydroxybenzyhdenelmmes, all of 

which are Schlff bases derived from the corres- 

ponding hydroxybenzaldehydes and monoammes 

Only recently, detailed u v spectroscopic studies 

mcludmg quantum chemical calculations of 

sahcylaldehydes and N-ethylsahcylaldlmmes have 

been reported by SELISKAR [4] But no electronic 

absorption spectroscopic studies of the Schlff bases 

derived from the above hydroxybenzaldehydes and 

dlammes (e g hydrazme) have been reported 

In this commumcatlon, the results of measure- 

ments of the electronic absorption spectra of un- 

substituted and o-, m-, p-hydroxybenzaldazmes 

/ \ Q- cHH \ R 

R 
N-N\ 

H 
YC \ / -& 

R=HorOH 

with the general structure, m various solvents are 

reported and the effects of structure and solvent 

discussed 

EXPERIMENTAL 

Preparahon of the azmes The aldehyde (0 1 mol) was 
dissolved m 95% ethanol (60ml) Hydrazme hydrate 
(0 05 mol) was also dissolved m 95% ethanol (25 ml) and 
added slowly with constant stvrmg to the aldehyde solu- 

tlon The reaction was usually exothermlc and was driven 
to completion by refluxmg the reactIon mixture for about 
1 h Cooling to room temperature led to the deposition of 
crystals which were filtered off under suction and recrys- 
talhzed from ethanol/water (1 1) and then air dned The 
following results were obtamed for the products 
Benzaldaune 

colour of Crystals yellow, 
91-93°C 

~r:roanalysm Calculated for 6: H N C 81 54, H, 14 10 L?r ) 
4 89, N, 13 58%, found C, 81 38, H, 4 70, N, 13 62% 
Sahcylaldazme 

colour of crystals bright yellow, 
mp 223”C, 
nucroanalysls Calculated for C,,H,,O,N,, C, 70 00, 

H, 5 04, N, 1166%) found C, 70 08, H, 4 99, N, 
1153% 
m -hydroxybenzaldazme 

colour of crystals dark brown, 
207-209=‘C, 

:lcoanalysis Calculated for C,,H,,O,N,, C, 70 00, 
H, 5 04, N, 11 66%, found C, 69 95, H, 5 00, N, 
11 42% 
p-hydroxybenzaldazme 

colour of crystals yellowish brown, 
i7O”C 

:&oanalysis Calculated fdr C,,H,,O,N,, C, 70 00, 
H, 50 4, N, 11 66%, found C, 70 10, N, 4 85, N, 
1180% 

Spectra The solvents for spectral measurements were 
supplied by Merck as special grades for spectroscopy and 
were used wlthout further punfication 

Electronic absorption spectral measurements were 
made with Pye-Umcam SP 8000 and SP 500, and proton 
magnetic resonance measurements were carried out on a 
Varlan Associates T-60 spectrometer with tetramethyl- 
sdane (TMS) as Internal standard 

RESULTS AND DISCUSSION 

An examination of the electronic absorption 
spectral data for the acyclic acmes under study m 
the various solvents (Table 1) reveals that three 
band systems appearing at 200-225 nm, 289- 

307 nm and 352-375 nm can be identified Which 

band or combination of bands that appear for a 

particular azme m a specific solvent depends on 
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Table 1 Electromc absorption spectral data for benzaldazme, sahcylaldazme, M-hydroxybenzaldazme, and p- 
hydroxybenzaldazme m varous solvents 

Solvent Benzaldazme Sahcylaldazme 

hmax(nm) E hmax(nm) e 

m-hydroxyben- p -hydroxyben- 
zaldazme zaldazme 

hmax(nm) E hmax(nm) E 

Ethanol/ 
water 
(1 1) 

Ethanol/ 
water 
(3 1) 

Dloxane/ 
water 
(1 1) 

DMSO 

Acetone 

Ethyl 
acetate 

Acetlc acid 

Acetomtnle 

Chloroform 

Methanol 207 24,025 
300 44,206 
310sh 39,882 

- - 

Ethanol 
- 

300 
310sh 

- 
- 

44,687 
39,401 

- 

l-propanol - 

301 
310sh 

- 

31,233 
27,869 

- 

1 -butanol - - 

301 40,362 
310sh 36,038 

- - 

Dloxane 259 17,298 
267 sh 20,181 
3015 42,284 
313sh 36,999 
321 sh 18,259 

- - 

222 
300 

- 

223 
300 

- 

220 
303 

- 

11,532 
41 804 

- 

13,935 
47,089 

- 

12,013 
40,362 

- 

- - 

305 34,116 
315 sh 30,272 

- 

328 5 
- 

- - 

13 454 - 
- 360 

- - 

300 36,999 
311 sh 32,674 

- - 

207 24,025 
210sh 39,882 
300 44,206 

- - 

- - 

298 22 103 
310sh 19,220 
325 sh 8,649 

- - 

303 32,674 
313sh 28.870 

- - 

215 
295 

360 

220 
- 

295 
- 

362 

240 
297 
- 

364 

225 
297 

26,428 
26,428 

- 

32,584 

28,350 
- 

29,311 
- 

26,428 

14,896 
25,947 

- 

23,345 

22,584 
27,389 

- 

24,506 

25,947 
- 

27,389 
- 
- 

22,584 

14,415 
15,376 
13,454 

18,259 
22,103 
19,701 

15,376 
19,220 
18,740 

215 31,233 
297(br) 31,233 

- - 
- - 

213 24,986 
245 sh 11,052 
300 41,323 
325 sh 31,713 

- - 

227 20,902 
332 51,894 

- - 
- - 

235 7,208 
- - 

332 54,056 
- - 
- - 

213 br 
300 
325 sh 

- 

27,869 
31,713 
24,986 

240 
335 

- 
- 

230 
335 

- 
- 

5,766 
37,479 

- 
- 

363 

220(br) 
- 

289 

215 32,674 
300 36,038 
325 sh 28,350 

- - 

14,415 
42,524 

- 
- 

217 36,518 225 

- 

360 

225 
297 
352 

220 
295 
356 

(249) 
(255) 
(260 5) 

300 36,518 
- - 

325 sh 30,272 
- - 

325 
- 
- 
- 

20,181 

44,687 
- 
- 
- 

214 28,830 
302 31,713 

- - 

15,138 
38,200 

- 

215 25,947 
300 29,311 

- - 

15,138 
46,849 

- 

216 25,467 
302 28,830 

- - 

227 
332 

- 

229 
332 

- 

227 
332 

- 

13,694 
34,596 

- 

- - 

297 24,506 
220 37,960 
305 23,545 
325 sh 21,142 

- - 

333 41,804 

358 27,869 - 

- 
- 

22,584 

223 33,635 
330 24,506 

- - 

- 

330 
- 

- 

45 407 
- 

- 

295 

360 

- 

29,791 
- 

25,467 

210 37,479 
299 33,155 
325 sh 26 428 

- - 

- - 

325 49 732 
- - 
- - 

- 
- 

295 
358 

222 5 
294 

- 
- 

355 

- 

19,220 
15,376 

25,947 
30,752 

- 
- 

25,467 

219 32,474 
239 5 28,830 
297 35,557 

- - 

215 36,038 
298 32,674 

- - 

325 sh 25,947 
- - 

- 
- 

325(br) 
- 

229 

- 

325 
- 

- 
- 

25 947 
- 

20,181 

- 

43,245 

295 29,311 

362 25,947 

- 

- 

- 

- 

- 

- 

- 

- 
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Solvent Benzaldazme 

A max(nm) E 

Sahcylaldazme m -hydroxyben- p-hydroxyben- 
zaldanne zaldazme 

A max(nm) E A max(nm) E A max(nm) E 

Carbon 
tetrachlorlde 302 5 41,804 

314 sh 36,999 
- - 

Carbon 
dlsulphide 

- 

296 35,557 
- - 

363 32,194 

- - - - 
- - - 
- - - 

- 
- 

385 

217 14,415 225 br 
300 36,5 18 294 
312 sh 32,194 300 sh 
325 sh 14,896 - 

- - 364 

22,103 

30,272 
29,311 
26,908 

26,428 

Cyclohexane - - - - 
- - - 
- - 

- 

- - 

Benzene 
304 
315 sh 

- 

32,674 
28,830 

215 10,571 
- - 

297 38,440 
375 16,337 

- - 

307 29,791 
316sh 26,908 
337 sh 13,935 

296 
- 

360 

224 
- 

284 
363 

22,103 
- 

20,662 

38,921 
- 

22,584 
5.766 

- - - - 
- 
- 

62,465 224 14,415 
61,054 - - 
37,479 - - 

- 418 52,855 

41,804 - - 

29,752 335 43,245 
- - - 

Concentrated 
sulphunc 
acid 

206 
255 br 
297 

- 

222 
305 br 

- 
- 

Pyrldme - 
20,700 

- 

24,025 

306 
- 

360 - - 

Sh, shoulder, br, broad 

both the position of the hydroxyl substltuent m the 
benzene rmg and on the solvent, factors which also 

determme the precise band posltlon Henceforth 
the three groups of bands will be designated as 
follows 

200-225 nm a-band, 
289-307 nm P-band, 
352-375 nm y-band 

Tentative assignments of these bands based on 
group theoretic analysis will be made Group 
theoretic analyses reveal that the elctromc states of 
the acychc azmes (transazmes) may be described 
wlthm the CZh pomt group (Fig 1) In these 
studies, the benzaldazme skeleton 1s considered as 
the basic structural skeleton while the OH sub- 
stltuents are regarded as perturbations 

The orbltal symmetry of the bondmg molecular 
orbltals 1s A, while that of the non-bonding 
molecular orbltals 1s B, The ground state IS of 
orbltal symmetry A,, all monoexclted WT* states 
are of orbltal symmetry B, , while all am* states 
are of specie A, Begmmng with ground electromc 
singlet state (=l’A,) excited states are designated 
as follows 1’ 3BU, 2l 3BU, , 1’ 3A,, 2l 3A,,, In 
the smglet mamfold all m* +-o(n) transItIons (1 e 
IA,, +- l*A,) are out-of-plane (2) polarized while 
all T*+ r transltlons (1 e ‘B,+ l’&) are m- 
plane (x, y) polarized 

“\C Q 0 

Fig I 

The observed three groups of bands-a, /3 and 
y-bands are attributed to n* + n transltlons al- 
though T* + a(n) transItIons are allowed Expen- 
mental evidence based on spectra m concentrated 
sulphunc acid reveals that the 7~* +-a(n) transl- 
tlons constitute part of the y-band (352-375 nm) 

In terms of valence bond theory and lllustratmg 
with benzaldazme, this molecule may be consldered 
as a resonance hybmd of the followmg forms 
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(a) (b) (cl 

Fig 2 

(d) 

The ground state may have some contrlbutlons 
from the polar resonance forms such as (b), (c) and 
(d), whereas the excited states may have extensive 
contrlbutlon of these polar forms For the systems 
under conslderatlon the influence of solvent will be 
appreciable smce the polar structures with sepa- 
rated charges are stablhzed by polar solvents In 
other words, the contrlbutlon of the polar forms 
would be expected to increase with mcreasmg sol- 
vent polarity 

Ekctromc spectra of benzaldazme and salrcylal- 
dazme m cyclohexane 

It 1s an estabhshed fact that the solution spec- 
trum of a compound m a non-polar and non- 
hydrogen bondmg solvent like cyclohexane, Just 
like the vapour spectrum, does not have Its vlbra- 
tlonal structure obscured as would be the case m a 
hydroxyhc solvent The electronic spectra of these 
acyclic azmes m cyclohexane may therefore unveil 
some mterestmg features which may be obscured m 
some other solvents The cyclohexane solution of 
benzaldazme exhlblts two mtense absorption peaks 
at A > 190 nm as shown m Table 1 The a-band 
appears at 217 nm (E = 14,415) while the P-band 
has Its maximum absorption at 300 nm (E = 36,518) 
with shoulders at 312 (E =32,194) and 325 nm 
(E = 14,896) The y-band 1s absent With sahcylal- 
dazme m cyclohexane, three Intense bands are ob- 
tamed The a-band appears at 225 (E = 30,272), 
the P-band at 294 nm (E = 29 311) while the y- 
band emerges at 364 nm (E = 26,428) The appear- 
ance of the -y-band m the case of sahcylaldazme 
may be attnbuted to the presence of hydroxyl 
groups m posltlons ortho to the aldlmmo (-CH=N-) 
groups leadmg to chelation through O-H N 
hydrogen-bonding, a sltuatlon which increases the 
delocahsatlon of the n-electrons Unfortunately the 
spectra of m- and p-hydroxybenzaldazmes could 
not be obtamed m this solvent due to solublllty 
problems 

The spectral data for the four benzaldazmes m 
methanol are shown m Table 1 The four benzal- 
dazmes possess the a-band m methanol benzal- 
dazme (207 nm, E = 24,025), sahcylaldazme 

(215 nm, E = 26,428), m-hydroxybenzaldazme 
(215 nm, E = 31,233), and p-hydroxybenzaldazme 
(227 nm, E =20,902) This short wavelength m- 
tense band may contam mtenslty from more than 
one n* + rr transltlon This band appears to be 
due to the basic nucleus of the system-the benzal- 
dazme structural skeleton since It appears m the 
spectra of the four azmes The observed red shift as 
we move from benzaldazme through o-hydroxy- 
benzaldazme (sahcylaldazme) to p-hydroxybenzal- 
dazme 1s certamly due to the resonance effect of 
the hydroxyl substltuent which 1s greater m the 
ortho and para positIons as would be expected The 
p-band (medium wavelength band - 300 nm) ap- 
pears in the spectra of benzaldazme, o- 
hydroxybenzaldazme and m-hydroxybenzaldazme 
(Table 1) but has suffered extensive shift to 332 nm 
(E = 51,894) m p-hydroxybenzaldazme, having ap- 
parently merged with the y-band of this compound, 
a hypothesis supported by the broadness and high 
mtenslty of this band centered at 332 nm This 1s 
probably due to extended conJugatlon m the p- 
hydroxybenzaldazme leadmg to mcreased delocah- 
zatlon of the n-electrons and consequent lowering 
of the difference m energy levels This band 1s due 
to m* + T transltlon and may be assigned as 
2lB, + l’A, The y-band 1s exhlblted very clearly 
by sahcylaldazme (Fig 3) It 1s blue shifted m 
benzaldazme and m-hydroxybenzaldazme appear- 
mg as shoulders m both cases at 320 nm In the 
case of p-hydroxybenzaldazme, as mentioned ear- 
her it has apparently merged with the P-band The 
y-band has a high molar extm&on coefficient (E = 
26,428 m sahcylaldazme) which mdlcates that the 
intensity must be attnbuted to an electrlc-dlpole 
allowed r* + T transItIon m the singlet manifold 
Group theoretic analysis suggests that part of the 
mtenslty be asslgned to the l’B, + l’A, transltlon 
The mtenslty of this band 1s reduced m the case of 
sahcylaldazme from E = 32,584 to E = 5,766 m con- 
centrated sulphurlc acid, a fact suggesting that 
another transition, 1 e m* + u(n) constitutes part 
of this band 

It IS relevant to mention that an important factor 
that would Influence the electromc absorption spec- 
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Wavelength n m 

FQ 3 The electromc absorption spectra of benzaldazme (I), sahcylaldazme (II), m- 
hydroxybenzaldazme (III), and p-hydroxybenzaldazme (IV), m methanol (Molanty 2 08 X 

1o-5 gmol) 

tral behavlour of the acmes include the poss.lbWy 
of mtramolecular hydrogen-bonchng In the case of 
o-hydroxybenzaldazme (sahcylaldazme), mtra- 
molecular hydrogen-bonding leading to chelation 
would make this molecule planar There would be 
increased delocahzatlon of electrons leading to an 
overall lowering of the energy differences between 
the elgenstates Bathochromlc shifts m the posltlons 
of the electromc absorption bands would be ex- 
pected and this might lead to emergence of new 
bands (rather than shoulders) relative to the unsub- 
stltuted and m- and p-hydroxybenzaldazmes m the 
same solvent 

Solvent effects 

The absence of mfluence of tautomensm The role 
of solvent on the emergence and disappearance of 
certam bands have not been discussed m terms of 
tautomeric species present in solution as is some- 
times done [5,6] since a combmatlon of electronic 
absorption and proton magnetic resonance spectral 
data reveals that such a conclusion could be m 
error For example, sahcylaldazme possesses ldentl- 
cal PMR spectra m both carbon tetrachlorlde and 
carbon dlsulphlde (Table 2), a fact which demon- 
strates clearly that the molecule exists m the same 
form m both solvents but exhlblts different elec- 
tronic absorption spectral patterns m the two sol- 
vents having two absorption bands m Ccl, and only 
one absorption band m CS2 (Table 1) The above 
evidence reveals that although absorption band 
posltlons may be altered by the emergence of new 
tautomerlc species m solution that also band POSI- 
tlons may be influenced by other factors affectmg 

Table 2 PMR spectral data for sallcylaldazlne with pro- 
ton assignments (chemical shWs, 6, m ppm) 

Solvent Phenyl 
multrplet 

Hydroxyl 
proton 

Aldmuno 
Proton 
H-C=N- 

ccl, 6 65-7 40 10 95 8 67 
CS, 6 75-7 50 1120 8 83 

the relative stablhzatlon of the ground and excited 
states such as the dlelectrlc constant of the solvent 
and specific solvent effects such as hydrogen- 
bonding 

Solvent effects on benzaldazme The short 
wavelength band, (~-band (200-220 nm) 1s heavily 
solvent dependent This band 1s present only m 
spectra taken m such hydrogen-bondmg solvents 
with fairly high dlelecmc constants as methanol 

(WC = 32 70), ethanol/water (1 l), ethanol/water 
(3 l), dloxane/water (1 l), and concentrated sul- 
phurlc acid (Table 1) It 1s absent m all other 
solvents except acetic acid and cyclohexane 

It 1s interesting to note that this a-band 1s absent 
m spectra taken m such polar but non-hydrogen- 
bonding solvents as DMSO (eZZPc = 46 6% 
acetomtrde (eZWC = 37 5), and acetone (E*~~~= 
20 70) It 1s also absent m such hydrogen-bondmg 
solvents as ethanol (e250C = 24 55), 1-propanol 

(%=c = 20 33), and 1-butanol (E~~“~= 17 51) The 
emergence of this band only m hydrogen-bondmg 
solvents with fairly high dlelectnc constant (except 
m the case of acetlc acid and cyclohexane) may be 
due to the followmg factors which influence the 
excitation energy 

(1) hydrogen-bondmg will lower the energy of the 
ground state (the azme molecule contams two mt- 
rogen atoms which are centres for hydrogen- 
bonding) However hydrogen-bondmg will be less 
important m the excited state because of the posl- 
tlve charge on mtrogen [Fig 2(d)] Hence, 
hydrogen-bonding will lower the energy of the 
ground state more than that of the excited state, 
with a consequent increase m a excitation energy 
and a blue shft 

(u) High dlelecmc constant will favour produc- 
tion of such polar structures as are illustrated m 
Fig 2&-d) The dlpolar excited state ~111 be 
stabilized by an increase m the dlelectnc constant 
more than the non-polar ground state [7] There- 
fore, a solvent possessmg the two properties of 
bemg hydrogen-bondmg and having a high dlelec- 
tnc constant will combme the two effects This will 
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consequently lead to a higher transItIon energy 
than would have been otherwise m a solvent not 
combmmg these two properties, and the emergence 
of a short wavelength band would be expected 

The medmm wavelength band-the @-band 
(-300 nm) appears not to be as much solvent de- 
pendent as the a-band (Table 1) but there 1s a red 
shift as we move from hydrogen-bondmg solvents 
such as the alcohols (-300nm) to the non- 
hydrogen-bonding dlpolar solvents, DMSO 
(305 nm) and acetone (328 5 nm) In these latter 
non-hydrogen-bondmg solvents the dlelectrlc con- 
stant factor appears to have played a maJor role 
resulting m a reduction m excltatlon energy and a 
consequent red shift 

The y-band 1s absent m all the other solvents 
except m concentrated sulphurlc acid m which It 
appears at 375 nm 

Solvent effects on salzcylaldazzne The spectra of 
this compound m polar hydrogen-bondmg solvents, 
dloxane, acetomtrlle and cyclohexane show three 
discrete bands, the a-band (215-225 nm), the p- 
band (289-297 nm), and the y-band (352-364 nm) 
The a-band 1s absent m the aprotlc solvents- 
DMSO, acetone, ethyl acetate, carbon tetrach- 
lorlde, carbon dlsulphlde, benzene and pyndme, 
although It 1s also absent m chloroform and acetlc 
acid, two solvents which possess relatively easily 
lomsable protons This trend 1s slmllar to what was 
observed m the case of benzaldazme where the 
a-band appeared only m hydrogen-bondmg sol- 
vents with fairly high dlelectnc constant In acetone 
and carbon dlsulphlde only the y-band was ob- 
served at 360 and 385 nm respectively Table 1 
shows the details of the spectral data 

Solvent effects on m-hydroxybenzaldazzne The 
spectra of this compound show only two discrete 
bands m all the solvents (Table l),-the (u(213- 
223 nm) and @(297-305 nm)-bands The y-band 
(-360 nm) 1s absent This result 1s similar to what 
was obtained m the case of unsubstltuted benzal- 
dazme This 1s hardly surprlsmg smce the hydroxyl 
substltuent bemg m the meta posltlon displays no 
appreciable resonance effect on the benzene rmg 

The a-band suffers a red shift as we move from 
polar protlc solvents (e g methanol) to polar apro- 
tic solvents with fairly high dlelectrlc constant (e g 
DMSO) This 1s probably because the dlpolar ex- 
cited state will be stablhzed by an increase m 
dlelectrlc constant more than the non-dlpolar 
ground state Thus as the dielectric constant of the 
solvent Increases, the excltatlon energy gets re- 

duced leading to a red shift On the other hand, m 
a hydrogen-bondmg solvent, the energy of the 
ground state will be lowered more than that of the 
excited state (hydrogen-bondmg 1s less important tn 

the excited state partly because of the posltlve 
charge on nitrogen) with a consequent Increase m 
excitation energy and a blue shift Consequently, as 
we move from polar protlc to polar aprotlc solvents 
a red shift will be observed The dlelectrlc constant 
factor and the hydrogen-bondmg factor are com- 
plementary m this case and lead to a red shift as 
observed 

Unfortunately because of solublhty problems, the 
spectra of this compound could not be obtained m 
chloroform, carbon tetrachlorlde, carbon dlsul- 
phlde, cyclohexane and benzene 

Solvent effects on p-hydroxybenzaldazzne This 
compound exhlblts two types of spectra The 
spectra of this compound show only two discrete 
bands, the a -band (225-240 nm) and @-band (325- 
335 nm) m the alcohols, dloxane, alcohol/water, 
and dloxane/water, whereas m the polar aprotlc 
solvents-DMSO, acetone, ethyl acetate, pyndme, 
and the lomzable acetlc acid only the b-band (325- 
333 nm) 1s obtamed The 01 and P-bands of this 
compound are red shifted relative to those of m- 
hydroxybenzaldehydeazme as would be expected 
from the para position of the hydroxyl substltuent 

The spectra of this compound could not be ob- 
tamed m chloroform, carbon tetrachlorlde, carbon 
dlsulphlde, cyclohexane, and benzene because of 
solublhty problems 
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