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Abstract

A series of diazoaminobenzene derivatives (seven) in which the substituents have a wide range of electronic characters are set out
understand the involvement of the substituent identity in controlling the changes in their electronic absorption spectra. The interactions
between the diazoamino group and the different groups account for some spectral shifts. The UV-vis spectrum of each compound is measur:
in several solvents with wide variations of solvent polarity parameters to examine the role of the chemistry of the solventin these spectroscopice
changes. The electronic transitions are assigned and the solvent induced spectral shifts are analyzed in relation to the different solute—solve
interaction mechanisms using computational chemistry. The regression analysis is applied for correlating the different parameters. The resul
help to assign the solute—solvent interactions and the solvatochromic potential of the investigated compounds. Itis concluded that the electron
character of the substituent and the chemical nature of the solvent are the major factors for the observed solvatochromism.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction urine[9]. The production of metabolites of anilifiz0] and
benzengl1,12]by human liver slices, as well as by rats and

Compounds containing diazoamino group have attractedmice, indicated a toxic-carcinogenic potential for DAAB

increasing attention due to their many emerging appli- in humans. In this work, derivatives of diazoaminobenzene

cations. The derivatives of diazoaminobenzene (DAAB) having both strong electron-donating and -withdrawing

(1,3-diphenyl-1-triazene, DPTHig. 1, are applied in three  substituting moieties are used as probes to examine the effect

major use areas. They can be used as a versatile metabf molecular structure on their UV-vis spectra, as well as,

complexing agenitl], as an intermediate in several industry the solvatochromic behavior of these compounds. A careful

sectors including organic synthesis, dye manufacture, andanalysis of the obtained data using statistical techniques

agrochemical manufacture such as insectici@sl], and showed that the solvatochromism correlate to the identity of

as a polymer additive where DAAB is used as a coupler the substituent and the solvent parameters as well.

to promote adhesion of natural rubber to sf@&é| and as a

chemical blowing agent in a variety of polymer systgis

In addit.ion, it has been reported to show semi-conducting o Experimental

propertieq[7,8]. Oral doses of DAAB were well absorbed,

readily metabolized, and excreted predominantly in the 1o DAAB derivatives were synthesized by diazotizing

substituted anilines reactiof,13,14] The UV-vis spectra
* Corresponding author. Tel.: +20 33911794. were measured with a Shimadzu UV 160A spectrophotome-
E-mail addressdrmsmasoud@yahoo.com (M.S. Masoud). ter. The 11 solvents used were of spectrophotometeric grade.
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H Table 1
\ N </ \> R Solvent parameters used in the spectral correlation equations
R </ > N ~ N// Solvent n d E K M N

n-Hexane 1.375 3 30.9 0.188 0.188 0.00191

Symbol R Toluene 1497 2 339 0241 0226 0.026

]II C:B Diethyl ether 1.353 2 34.6 0.340 0.178 0.300

1 F Ethyl acetate 1.372 .6 38.1 0.385 0.185 0.398

v COOH Acetone 1.359 20 422 0465 0.180 0.648

A% Br DMSO 1.478 480 45.0 0.485 0.221 0.658

VI NHCOCH3 2-Propanol 1.377 18 48.6 0.460 0.187 0.622

VII COOCH2CH3 Ethanol 1.361 248 51.9 0.470 0.181 0.665

Methanol 1.329 35 55.5 0.477 0.169 0.710

Fig. 1. Structures and symbols of the investigated compounds. Water 1.333 7% 63.1 0.491 0.171 0.757

They were purchased from Sigma and Aldrich and were

: understood as an indication of the extent of charge reor-
used as received.

ganization of solute molecules upon electronic excitation
[21]. A more detailed consideration of solute—solvent in-
2.1. Regression analysis calculations teractions within the reaction potential concept should de-
scribe solvent shifts in the electronic absorption spectra, as
Different one-, two- and three-parameter equations are ap-an indication of the extent of influence of inertial solvent
plied using suitable combinations between the solvent polar- reorganization on the instantaneous charge reorganization
ity parameters, K, M, J, H andN as reported beforgl5]. of solute molecules upon electronic excitation. A variety
The parametek is sensitive to both solute—solvent hydrogen of approaches to the theoretical treatment of solvent effects
bonding and dipOlar interactio[ﬂ%]. The dieleCtrinUnCtion, have been deve|0ped and app“ed to studies of UV—vis spec-
K of Kirkwood adequately represents the dipolar interactions troscopic phenomen@2—24] Diazoaminobenzene deriva-
[17]. The functionsH andJ have been introduced to account  tives contain intramolecular charge-transfer chromophores
for the non-specific solute—solvent interactions, such as dis-and, therefore, the presence of electron-donating and -
persion and dipolar effecfd8]. The functionsM andN ac- jthdrawing moieties will have appreciable effect on their
count for the solute permanent dipole—solventinduced dipole yv/—vis absorption bands. The substituted diazoaminoben-
and solute permanent dipole—solvent permanent dipole inter-zenes (triazenes) studied are 1,3-diphenyl-1-triazene (1), 1,3-
actions, respectiveli9]. In the present work, the observed  pjs(p-tolyl)-1-triazene (11), 1,3-bis(4-flurophenyl)-1-triazene
peak position of an absorption baldn a given solventhas  (j11), 1,3-bis(4-carboxylicphenyl)-1-triazene (1V), 1,3-bis(4-
been expressed as a linear function of different solvent po- hromophenyl)-1-triazene (V), 1,3-bis(4-acetamidophenyl)-
larity parameter, as follows: 1-triazene (VI), 1,3-bis(4-ethylbenzoato)-1-triazene (VII),
Fig. 1 The solvatochromic behavior of these triazenes is ex-
V=at+biXi+boXot o4 buXn (1) amined using various solvents. The solvents are selected to

Eq. (1) is amenable to solution for the intercepfind the have a wide variety of solvent parameters such as dielec-
coefficientsby, by, . . ., b, by multiple regression technique.  tric constantd, refractive indexn, and hydrogen bonding
The regression intercepthas been considered as the peak Ccapacity to make comparison easier, and permit a good un-
position in the gas phase speci28]. A program of statis- derstanding of solvatochromic behavi®able 1shows the
tical package of social sciences (SPSS) has been used on ¥alues of these solvent parametg2s].

Pentium IV computer at the Faculty of Education in Daman- ~ The Amax values of the prepared triazenes in the UV-vis

hour, Egypt. The residual err&in a least-squares that fits  region are given ifable 2 Representative electronic spectra
the multi-linear Eq(1) is: of some of these compounds measured in different solvents

are presented ifrig. 2 Triazenes exhibit absorption max-
ima at the wavelengths 330—400 nm that make them efficient

m

2
S$= Z(Yi —a=b1X1i = baXoi = - = buXui) (2) chromophores. Although their color strength does not reach
i=1 that of azo chromophorg26—31]
The least-squares criterion require tli&is minimized. This behavior is accounted as that molecules in the ground
This result in sets of equations can be solved by use of stan-state and in the excitation state indicate different polarities.
dard matrix methods. This involves the highly simplifying assumptions that tri-

azenes with non-polarized ground state are more strongly
polarized in protic solvents, because the high-energy, polar
3. Results and discussion structure of the excitation state is stabilized. The excited state
is lowered, the ground state is hardly affected. The energy dif-

The observed shifts of the electronic absorption bands ference between ground and excited states is decreased and
of organic compounds induced by solvents are commonly the excitation energy is decreased. The approximation of the
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Table 2
The observed max values of the investigated diazoaminobenzenes
R n-CgH14 n-CsHi» Et,O (CHs)2CO EtOAC GHsCH3 (CH3),COH EtOH MeOH DMSO HO
H 236 231 249 241 241 236 241
270 292 313 288 297
359 358 367 364 339 370 385 387 382 364 375
CHs 233 239 246 236 237 238
290 269 297 323 259 293 292 295 295 305 292
372 352 355 354 359 360 359 362 363 380 364
F 222 244 251 231 236 231 233
272 264 297 292 288 290 288 292 300 287
354 349 359 349 349 357 356 360 351 379 349
COOH 236 233 224 246 236 234 221 228
291 326 300 297 300 301 313
351 348 349 349 344 351 359 355 348 367 354
Br 233 308 299 244 241 241 265 251
298 294 339 334 303 298 297 302 323
369 358 359 359 361 364 365 357 379 374
221 218 226 227 223 217
NHCOOH; 236 249 249
277 282 282 287 294 288 294 287 300 283
377 361 365 354 367 366 371 373 369 380
COOCHCH3 233 235 249 251 253 251 267 245
278 270 297 282 310 310
361 359 369 360 368 370 370 385 368

The UV-vis absorption spectrum of diazoaminobenzene-liexane exhibits one absorption band withax at 359 nm,Table 2 This absorption band is
assigned to the partly forbidden ¢ «") transition. This band shows positive solvatochromism (bathochromic shift) upon increasing the solvent polarity,
where a pronounced change in position of an electronic absorption band is accompanying a change in the polarity of the medium.

energy levels expresses itself in a bathochromic shift of the push—pull character of the substituef]. A solution in
spectrum with increasing polarity of the solvent. A negative n-hexane solvent of triazene, where the substituent is the
solvatochromism (hypsochromic shift) is noticed in solvents strong electron donating methyl group can be characterized
like ethyl acetate. This non-protic solvent destabilizes the po- by an absorption spectrum with an intense transition cen-
larized electronic state. This leads to a hypsochromic shifting tered at 372 nm and a weak broad band at 290 nm. The low-
of the spectrum with decreasing solvents polarity. For dia- est transition absorption band at 372 nm is assigned te (n
zoaminobenzene derivatives with an electron-withdrawing or ") transition while the other absorption band correspond-
donating group on the benzene nucleus, a solvatochromisming to the highest energy centered at 290 nm is assigned as
occurred in the (n— ") absorption upon increasing the (m — o) transition. This high-energy band shows a pos-

Table 3

The results of regression analysis for the high-energy transition of triazene (V)

Parameter ag a1 a ag a4 P MCC
K 12.335 495311 0.288 0.356
M 174661 396872 0.088 0.676
N 249705 —-1.913 0.987 0.000
E 275141 —0.506 0.568 0.120
K, M —31126 440302 375017 0.044 0.956
K,N —207.566 1301956 —241129 0.051 0.949
K, E —75.333 —-1.177 809665 0.138 0.862
M, N 58558 566527 123947 0.041 0.959
M, E 34.071 764100 1370 0.023 0.977
N, E 147636 308958 —2.595 0.400 0.600
K, M, N 1758076 —8281418 4149987 2441648 0.140 0.988
K, M, E 11.767 1030 122448 666795 0.181 0.980
M, N, E 37.315 714047 38572 Q986 0.178 0.980
K,N, E —299025 —421898 Q985 1643504 0.220 0.970
K, M,N, E 1477012 —6991503 3705347 2014944 0.759 0.000 1.000
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itive solvatochromism (bathochromic shift) in all solvents 2.0+
except ethyl acetate. The degree of the solvatochromic be-

havior is increased upon increasing the solvent polarity. The 1.5
(n — w") band shows a negative solvatochromism in all

solvents except dimethyl sulfoxide. The spectral shifts de- 104
crease with gradual introduction of the more polar solvent.
In these solvents the NH group in the diazoaminobenzene
moiety will be the proton acceptor center in the process of
hydrogen bonds formation, whereas the solvents that have the

0.5

nm

ability to form hydrogen bonds are the proton donors. In pres- 900 230 300 3% 400 430 500
ence of dipolar aprotic media such as ethyl acetate, diethyl
ether and dimethyl sulfoxide, the acidic NH group of the dia- Fig. 3. Electronic spectra of compounds |, Il and VIl in ethanol.

zoaminobenzene moiety act as proton donor. However, these
solvents have relatively high dipole moments. Dimethyl sul-
foxide differs from the other group of solvents used in that stituents using solvents have the ability to form hydrogen
its dielectric constant and its polarizability are appreciably bonding with the solute molecules like isopropyl alcohol,
greater than the other solvents. The dipole—dipole interac- ethanol, methanol and water. It seems like when there is a
tions with the solute molecules especially in their excited strong hydrogen bonding and the push—pull effectis retarded.
states will encounter for the blue shifts observed in these The opposite trend in the solvatochromic behavior of£n
solvents. The energy of a charge transfer will increase asw") absorption for these compounds is observed in solvents
the strength of such hydrogen bonds increases. The observetike ethyl acetate and dimethyl sulfoxide. Absorption spectra
marginal shift in the absorption maximum for the azo dyes for the same triazenes with various electron donating or ac-
may arise from contributions other than solvatochromic ef- cepting abilities in ethanol are shownhig. 3. The UV-vis
fects. However, in addition to these shifts, a significant band spectrum of the triazene | mpentane exhibits three absorp-
broadening for the azo compounds with increasing solvent tion bands. The band at about 358 nm is assigned toa (n
polarity was observed. It is concluded that solvatochromism ") transition that is red shifted in all other solvents except
is a useful indicator of the strength of hydrogen bonding and ethyl acetate. The same behavior was found for the second
has even been a good tool to assess their strengths. A positivabsorption band at 270 nm and assignedmas-{(c"). A third
solvatochromism is observed for the {® ') absorption band appears in the spectrum of the parent triazene at 236 nm
in n-hexane in case of methyl, acetamido and bromine sub-in n-pentane due to localized aromatic rings af & ')
stitution, whereas a negative solvatochromism is observedtransition and shows a negative solvatochromism in all other
for this band in case of fluorine and carboxylic substituted solvents and disappears imhexane, acetone, toluene and
compounds. The bathochromic shifts for this band follows dimethyl sulfoxide.
the order NHCOCH> CHs > Br. The high polarizability of Several one-, two- and three-parameter equations have
bromine retards its withdrawing character. The hypsochromic been used to correlate the spectral shifts with various em-
shift for this band follows the order COOH > F in the oppo- pirical solvent polarity parameters using the multiple linear
site direction of their electronegativities. This is because the regression technique. Each of the solvent parameter used has
involvement of the fluorine atom in intramolecular hydro- a fixed relative sensitivity to each of the various interaction
gen bonding or intermolecular hydrogen bonding with the mechanismslable 3s amodel representative example show-
solvent molecules is more than that of the carboxylic group. ing the results of regression analysis for the high-energy tran-
Only a negative solvatochromism is observed for all sub- sition of triazene (V). The multiple correlation coefficient
(MCC), has been used in a one-tail test to obtain the level
of significance for each test. The MCC value is considered
Abs as a measure of the goodness of the fit. The high value of
MCC (near one) means that a certain solvent parameter has
a good correlation to the spectral shifts. In other words, the
spectral shifts for the peak are greatly sensitive to the solvent
parameter that gives a value of MCC near to unity. Alterna-
tively, the small value (near zero) of the significance param-
eter ) means the correlation is good. The parameters that
gave the best correlations among the others for the differ-
ent electronic transitions of the investigated compounds are
o shown inTable 4 Also, the parameters that gave the best sig-
s i o b a5 = nificance among the other parameters for the different elec-
tronic transitions of the investigated compounds are shown
Fig. 2. Representative solvent induced spectral effect for compound (l1). in Table 5

3.0

0.8+ ;
DMSO." |
" ——"Water
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Table 4
The best correlating parameters for the different peaks of all compounds

Compounds  Electronic transition

High-energy transition Moderate-energy transition Low-energy transition

One- Two- Three- One- Two- Three- One- Two- Three-

parameter parameter parameter parameter parameter parameter parameter parameter parameter
| M (0.226) K,N(0.539) K,N,E(0.819) - - — E(0.468) N,E(0.484) K,N,E(0.505)
1] - - - N (0.077) N,E(0.139) K,N,E(0.224) M (0.194) M,E(0.273) K, M, N (0.607)
1] N (0.714) K,N(0.728) K,N,E(0.821) K(0.351) K,N(0.814) K,N,E(0.829) M (0.426) M,N(0.557) M, N, E (0.588)
\% M (0.624) K,M(0.681) K,M,N(0.684) N(0.268) N,E(0.708) K,N,E(0.825) M (0.228) M, N (0.580) K, M, N (0.690)
\% M (0.676) M, E(0.977) K,M,N(0.988) E(0.205) N,E(0.258) K,N,E(0.534) M (0.095) M,E(0.289) K, M, N (0.601)
VI - - - M (0.422) K,M(0.861) K,M,N(0.872) M (0.104) M, E(0.158) K, M, N (0.313)
Vil K (0.528) N,E(0.967) M,N,E(0.997) E(0.821) M,E(0.868) K,N,E(0.978) K(0.290) K,M (0.654) K,N,E (0.816)

The analysis of the spectral shifts of the high-energy M (compound V) andN (compound VII) the MCC values
transitions in all of the investigated compounds using jumped to 0.977 and 0.967, respectively. The correlation is
one-parameter equationable 4 showed that the best MCC  improved as expected on analyzing the spectral shifts using
values in case of compounds I, IV and V are obtained for the three-parameter equations and the best MCC values are
parameteM which is sensitive to dipole—dipole interactions. observedTable 4. The solvatochromic behavior is analyzed
The respective MCC values are 0.226, 0.624, 0.714 andusing one-parameter equations for the moderate-energy
indicate that the solvatochromism for these cases can beelectronic transition of all triazenes. The best MCC value is
interpreted in terms of solute permanent dipole—solvent obtained for the parameté&r (0.821) in case of compound
permanent dipole interactions. However, the correlation in VII. This means the solvatochromic behavior for this tran-
case of compound | is not that good (0.226), and this meanssition in compound VIl is mainly controlled by the solvent
that the one solvent polarity paramet®t, alone can not  ability to form hydrogen bonding with the solute molecules.
control the spectral changes and, therefore, a combinationForm the values of MCC for the rest of the compounds
of parameters is required. The parametél®.714) in case  (Table 9, it is clear that one solvent parameter can not inter-
of compound IIl andK (0.528) in case of compound VII  pret the solvatochromism for this electronic transition alone.
gave the best correlations to the solvent induced spectralThe correlation is improved as expected on analyzing these
shifts for the high-energy electronic transitions among spectral shifts using two- and three-parameter equations.
all of the other parameters. This means that the solutelt concluded that the parametdss E andK are the major
permanent dipole—solvent induced dipole interactions and parameters affecting the solvatochromism when coming in
the dipolar interactions are the major factors affecting the combinations. Thus, solute permanent dipole—solvent perma-
solvatochromism in these cases, respectively. The correlationnent dipole interactions combined with the solvent hydrogen
of the two-parameter equations with the solvent spectral bonding capacity and/or dipolar interactions are contributing
shifts was also studied and gave, as expected, better fit tomainly to the observed solvatochromism. On analyzing the
these spectral shifts than the corresponding one-parametesolvatochromic behavior of the low-energy transitions in
fits. The solvent ability to form hydrogen bonds with the all of the investigated triazenes, the same trend is observed.
solute molecules, which is reflected by the paramtghen Different combinations of th&, M, N parameters gave the
combined with the previously mentioned paramek&ns! or best correlations. This means that in additiorki@and N,

N is the reason for improving the correlations. For instance, the parameteM, which is related to the solvent refractive
when the parameteE is combined with the parameters index and accounts for the solute permanent dipole—solvent

Table 5
The best values of the significance parameters for the different peaks of all compounds

Compounds Electronic transition

High-energy transition Moderate-energy transition Low-energy transition

One- Two- Three- One- Two- Three- One- Two- Three-

parameter parameter parameter parameter parameter parameter parameter parameter parameter
| M (0.341) K,N(0.313) K,N,E(0.259) - - - E(0.029) N,E(0.096) K,N,E(0.210)
1l - - - N (0.437) N,E(0.592) K,N,E(0.651) M (0.203) M,E(0.327) K,M,N(0.112)
1] N (0.034) N,E(0144) K,N,E(0.256) K (0.093) K,N(0.006) K,N,E(0.023) M (0.041) M,N(0.056) M, N, E (0.127)
\% M (0.035) K,M(0.102) K,M,N(0.271) N(0.292) N,E(0.158) K,N,E(0.251) M (0.163) M, N(0.048) K, M, N (0.057)
\% M (0.088) M, E(0.023) K,M,N(0.140) E(0.307) N,E(0.550) K,N,E(0.456) M (0.420) M,E(0.359) K,M,N(0.173)
VI - - - M (0.058) K,M (0.003) K,M,N(0.011) M (0.397) N,E(0.568) K, M, N (0.564)
Vil K (0.064) N,E(0.001) K,M,E(0.002) E(0.034) M,E(0.132) K,N,E(0.189) K (0.135) K,M(0.042) K,N,E(0.027)
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induced dipole interactions should be involved in the

interpretation of the observed solvatochromism. Thus, the

determination of the solvent spectral shifts is controlled
by mainly the dipolar interactions, as well as, both the

solvent dielectric constant and the solvent refractive index.

Generally, it is concluded that the addition of a third solvent
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[8] S.M. Shaaban, M.M. El-Desoky, B.A. El-Sayed, M.B. Sayed, J.
Mater. Sci. Mater. Electron. 4 (1993) 43.

[9] J. M. Mathews, Comparative metabolism and excretion'$€] dia-
zoaminobenzene (DAAB; 1,3-diphenyl-1-triazene) in rats and mice,
Project Report No. 02 to the National Toxicology Program on Con-
tract No. NO1-ES-75407, Research Triangle Institute, Research Tri-
angle Park, NC, (1998).

parameter to the two-parameter equations always gave risd10] National Cancer Institute, Bioassay of Aniline Hydrochloride for

to improvements in the correlation with the solvent induced

spectral shifts. In most cases, the different three-parameter
combinations have been selected on the basis of the results

Possible Carcinogenicity, National Cancer Institute, National Insti-
tutes of Health, U.S. Public Health Service, Department of Health
and Human Services, Publication NCI-CG-TR-130, Washington DC,
1987, pp. 1-53.

of the two-parameter combinations discussed before. In[11] R. Snyder, G.F. Kalf, Crit. Rev. Toxicol. 24 (1994) 177.

a test for the significance of a one-tail test, the level of

significance for all these different three-parameter combi-
nations were found to be above 90%. This indicated that
specific solute—solvent interactions in particular hydrogen

[12] National Toxicology Program (NTP) Report, September 2002.

[13] S. Budavari (Ed.), The Merck Index, eleventh ed., Merck & Co.,
Inc., Rahway, NJ, 1989, p. 473.

[14] A.l. Vogel, A Text Book of Practical Organic Chemistry, third ed.,
Longmans, London, 1961.

bonding and non-specific solute—solvent interactions such[15] M.A. Shaker, M.A. Khalifa, Alex. J. Pharm. Sci. 9 (1995) 159.
as dispersion and dipolar effects had provided a reasonabld16] C. Richardt, Angew. Chem. Int. Ed. 4 (1965) 29.

model for describing the solvent induced spectral shifts in a
predictive manner. The values of the significance parameter

in Table 5 reinforce the argument about the correlation

analysis for the observed spectroscopical changes observed

for the investigated diazoaminobenzene derivatives.
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