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ABSTRACT 
Coupling of benzenediazonium chloride with benzoyketone a1 rwo dif- 

ferent pH values in a 1: 1 molar mio gave two different uutomers PHB and 
BAB. The condensation of these dyes with isonicotinio acid hydmzide (INH) 
gave two different hydrazones PHBH md BABH. Thermal studics (DTA 
and TG) showed that ~lzo compounds are thcrnnlly more slable than their 
corresponding hydrazo conipounds and specual analyses OR and electronic) 
gavc morc information about the slruclwe of PHBH which shows thcrmu- 
chromic bclm4oor bclow iw mclting. DC electrical coaductivily for these 
compunds werc mexurcd in the tcmpcnlusc rangc 25 - 70 'C giving semi- 
conducting bchaviour. and the activation energies for conduction wcrr: cillcu- 
Iatcd. Valuable results were obtained from Lhe compxison bctwecn AE of 
thc mo and hydnzo hutomers nnd of the dyc and its hydnzone. A graphical 
method was suggested to make simple comparison htween vdues of electri- 
cal conducrjviry exponent. 

INTRODUCTION 

Isonicotinoyl hydrazones derived from carbonyl, dicarbonyl 
compounds and also 2 - hydroxy aromatic aldehydes and ketones 
and some complexes of these hydrazones are known for their bio- 
logical and antitubercular activities [ I  - 3). In analytical chemistry, 
hydrazones are extensively used in the detection, determination 
and isolation of compounds containing carbonyl groups. 

In continuation with our earlier studies on the themlo- conductimetric properties 
of solid hydrazones of isonicotinic acid hydrazide and their compIexes 
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(4.51, in !he present work, the DC electrical conductivity and thermal analyses 

were carried out to ascertain the thermal stability and to obtain infom~ation about 

the electrical conductivity of benzeneazo benzoylncetone (BAB) and its 

phenylliydrazo benzoylacetone (PHB) and also their isonicotinoyl hydrazones 

(BABH) and (PI-IBH) . Their activation energies for conduction liave been 

calculated and some conclusions were extracted. PI-IBH exhibits an irreversible 

thermochromic behaviour. 

EXI'EI~IRIEN'l'A L 

Tllc cIiel;~ting agents PIIU arid BAB were prepared according to Vogcl IGI, 

the former, in the prescncc of sodium acetate 17) and the lattcr, in 20% sodiu~n 

hydroxide 18). I~l~cnylhydrazo bcnzoylacctonc isonicotir~oylliydrazo~~c (PIII31 I) 

was prcp;ircd as dcscribcd by Sacconi (91 while benzene azo bc~izoyl;ice~!~iie 

isonicoti~~oylllydrazo~te (BABII)  was prepared by thc solid state react1c)n 

technique 110) . by Imring a mixture of equimolecular amounts of BAD and lNI1 

for an hour at 1 ~ 0 ~ ~  in an oven. Tlle purity of the products was clleckcd by 

constant melting point. eierncntal analysis, I H  NMR and TLC . Their structures 

were characterised a s  given in our earlier work (101. 

The compounds Rnve [he structural formulae 

+\ 
N-N 

+\ 
N-N 
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Colour orange violel pale yellow deep rcd 

M . P . O C  9 5 140 160 125 

where , the IN11 moiety in PIID11 is presenl in the imidol form while i n  BAD11 in 

the imide form : where the 011 group is in the free or Il-bonded form. 

/ 
01 1 

= h'-h'Ii-CO-Py * = hi-h' = c ................................ (1 1 
\ 

p s 
~*11ere Py : pyridyl group. 

Specfml sludics wcre nude using Perkin Elmer 595 I R  and 550 S UV VIS 

spectropho~ornelers. Thc tl~errnitl analyses werc carried out using ;I Schinudzu 

DT-30 tl~ernl:~l analyzer, by Irei~ting at l(,O~.rnilr-l from a ~ n h i c ~ ~ t  tcmperaturc to 

5 0 0 ' ~  i n  air. Thc DC electric;~l conductivity in  rhe expoaenti;~l for111 (po) w;~s 

measured as a function of icmpcriiturc (10OO /I') from 25 to 7 0 ' ~  using i t  

spring- loaded sample holdcr i n  u wirc-wound cylindrical funl;lcc. I n  this study, 

the current was tneasured by means of a Kcitl~ky clectronlcfer model 616, will1 a 

smootiling adjustnble powcr supply (0 -1 KV). A fixcd volti~ge of 300 V was 

applied. Thc tcrliperature of [tic spccinlcn was n~casurcd usirlg a chromcl-alumcl 

thermocouple. 

RESULTS AND DISCUSSION 

a) Thermal study . 
The DTA and TG data of the invesrigated compounds summarized in Tablc 1. 

These compounds are thermally stable up lo 8 0 ' ~  and can be dried safely below 

SO'C and show medium endothermic peaks at their melting. The weak broad 

exothermic peaks appearing before melting are due to fission of the hydrogen 
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TABLE 1: T t ~ e n ~ ~ a l  analyses data for PHB, BAB and L e u  hydrazones PHBl4 and BABll 

Compound 

PH J3 

BAD 

PHBH 

BAB1-I 

M'A Assignment 

endo (w) 

endo On) 

exo (s) 

endo (br) 

endo (m) 
- 

(no weight loss) due to mcl~ing 

100% wcight loss. 

duc to fission of 14-bond ;ind rcirrmgcmcnt 

(no wcight loss ) due to ~ilclti~lg 
56 % wcight loss 

may be due to fission and reamngerncnt 

(iio weight loss) due to niclting 

100% weight loss 

endo (m) (no weight loss ) due to mclting 

exo (s) 56% weight loss 

(br) : broad . (vs) : very stmng . (s) : strong. (m) : medium and (w) : weak 
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bond followed by rearrarigc men!. DTA curves of the a m  compounds aftcr 

melting show broad exotllernlic peaks with 56% weieigh~ loss, and further partial 

dccon~positions occur at higher tempcralures than SOO'C. On llie olller 11anJ. 

hpdrazo compounds after niching decompose completely in oile step wit11 100% 

weight loss before 3Mlo~.i.e.  azo compounds arc tlicrnmally more stable than ~llcir 

corresponding hydrazo conformers. 

An~ong the con~pounds investigated, only PI11311 sliows tl~ermocl~rofi~ic 

bchnviour when Ilealed for 1 ~ 1 f  an l~our at 90°c i l l  an oven, its colour cl~angcd 

from yellow (Po) to pale red (Po ?) witl~oul weigh1 loss. Whcn the tirrlc is 

increased to 2 I n  wllcrc lhr substiince is still i l l  the ovcn, l l~c  colour cll:~r~pctf 

i~gitin to palc ycllou. will, no wcigl~t loss. 

Thc classical spatid arrangctncnt of PI IUH molcculc allows thc cxistcncc of 

four possible structures duc to gcornelrjcal isomcrism. Tlicse may be dcpictcd 

diagratnrtdcally as shown below (I,-Id). 

N H - N  N. N- F N u  , \\ 
H ,c-2 , / / C-Z , 2-f 

O = C  o=c o= C o=c 
\ \ 

C H 3  CH3 

Taking into account chelate structure involving hydrogen bonding, the syn 

configuration must be depicted as Ilab , while the anti must depicted as IIcPd, 
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PY 

'C-OH 
// 

N-N 

'o= C 
\ 

C H 3  
11 b 

The syn structure is collsis~cnt with hydrogen bondiag bccause of r11c aon- 

planar arrangclnent of the rnolecule. In the anti forals, on the othcr hand, 

hydrogen bonding docs not appear to be spatially possible. 

Comparing the 1R bands diagnostic of Po and Po.5 (Table 2). along with 

tentative assignment. i r  was found that, the 1R spectra of Po and arc nearly 

identical except that new three bands at I570 ( u ~ , ~ )  [ I  I]  . 1550 (vNCO) 1121 and 

1275 cm-' (UC-OI,) 1101 appeared due to Beating. On ihc oilier hand. the spectrum 

of P2 reveals much changes. The disappearance of the imidol (IKH) bands at 

3400 (uoII) and 1630 cm-I (UC =N)  [12.13] and the appearance of in~idc bands a[ 
J 

1690 (vCO)  , 3145 cn1-I ( v N H )  free,  1550 and 1245 cm-' 1141 [his can be 

explained as thermal iniidol + imide tautomerism. Moreover, the appearance of 

new bands in the spectrum of P2 at 2 9 6 3 ( ~ - ~ - ] ~ )  - 1121, 1650 (uC=,) and 1570 

md  1420 cm-I of [he cis and vans azo group ( u ~ - ~ )  - ad 805 cm-I (6,C-II) 

can be illustrated in [ernis of thermal enol-kcto tautomerism. 

376 
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TABLE 2: Effect of heating at 90'~ for half hr. and two hr. on IR spectral bands of PHBH. 

OH (free) INH 

vc4 ...... (INli) 

", ...... 0 .D.) 
...... (ring) ' C=N 

VEON 

Vimide-Il 

original (Po ) 

b: the product obtained after heating in an oven at 90'~ for two hours . 
c: p diketonate. 
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The previous 1R results are supported by t l~e  electronic specua in thc solid 

state (in paraffin oil). The spectrum of Po is chnracterized by a band at 372 nm 

assigned to n-K* transition of tlle C=h' of the ring T 110, 151. This band 

disappeared in the spectra of Po and P2 , and instead a ncw b:lnd appc:~rcd a! 

327 nni assigned 10 rr-x* transition of the ilnidol n~oiety 11 61, wliile the spectrum 

of P2 n~anifests a new band at 390 nm assigned to 11-X* transi~ion of the free h'=N 

group 1171. Based on the forenier~tioned discussior~ we can assign the stablc 

yellow form 11, to tlle syn form and the unst:~hle red fomi R-I, to the anti form. 

Thus, the first cl~ange on l~enting involves a cllange of co r~ f igu ra~ io~~  from syn to 

anti by rupturir~g the H-bonds in rings T and Y, follo\ved by ketoimine + 

no 
\ 

@\ fC - 
NH-N N-N * 1 '- ',* 

CH3C0 

S y n ~ o n t i  
r rorrong.  J\ 

Kctciminc 
cP 
\ Q 

C-N--NHCOPy 
\ 

N=N 
\ :-" rearrung. 

/ 
~ - N = N  -CH 

90 'c 
2 hrr 6- C 

H 0--C '* 
\ 
CH3 

Pole  ycllow ( P2 ) P a l e  red [ Po5) 

Scheme- I 
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c) Electrical conductivity: 

Figure I shows tlie varintion of the elccsical co~lductivi~y cxponcnt of 1'1 IU. 

BAB and their hydrazones PHBH and BABH as a function of the reciprocal 

absolute temperature. The results obtained fit the Arrhenius relation. 

a = o, exp (-AE / 2kT) ...................................................... (2) 

where 0 is the conductivity , 0, preexponential factor. 

From this relation, the activatiorl energy for 

ca1cul;lrcd as : 

Co~npourld AE(eV) 

1'14B 0.10 
BAD 0.08 
PI4RI I 0.16 

DAB1 1 0.14 

conduclion AE(eV) was 

These values are lower thnn that obtained for isatin isonicoti~loyl llydrazorle 

(AE = 0.21 eV) which is thermally stable up to C;I 3W°C 151. 

From (Table 3) . i t  is clearly noticed that tllc conductivity increases with 

rising tlio temperature indicating semiconducli~lg behaviour 14 1, wllerc pu rc 

extrinsic conduction mechanism is predomina~lt due to the enhnnccd 

delocalizatio~l of n-electrons wliich ;Ire charxtcrized by low activnrion cncrgy 

(AE = 0.05-0.16 eV). From this study one can conclude that: 

C: 

i) The azo compounds DAB and BABH have lower values of AE than [he 

L eVlmole. h i s  may corresponding hydrazo compounds PHB and PHBH by 0.0' 

be attributed to the relatively higher stability of the hydrazo compounds than the 

azo compounds. i.e. the energy required lo transform the azo compound to its 

corresponding hydrazo compound or the energy required lo transform ring T lo 

ring R. 

379 
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\ \ 
N-N 

ii) On the other hand. AE of the dyes PHB or BAD is lower than that of its 

corresponding isonicotinoyl hydmzone by 0.06 eVImole, which may be the 

energy required to activate the isonicotinoyl moiety. 

iii) Altl~ough the observed higher conductivity exponent (po) values of the 

azo compound BAB (Table 3) than those of the hydrazo compound PHB hy 

ca. 1.12 ~ . c r n - l  may be explained as 1!1c 0-ti group in ring R is morc conductive 

than the N-11 group in ring T, this obscrvation is reversed for hydrazoncs, as  

PHBII has higher pa values t11n11 lhosc of BABW by only ea. 0.43 s.crn-' 111at 

may b cxplaiacd its the frce 011 group of isonicolinoyl moicty in PIIDII is morc 

conductive than the H-bondcd 0- i i  group of BABII. 

iv) In general the hydrazones PHBH and BABH have higher conductivity 

values than the corresponding hydrazo PHB and azo compound DAB. 

In order to make simple the comparison between values of electrical 

conductivity exponent. of two compounds(l) and (2) like grapl~ical represenlation i 

a trial is made by taking the rate of change of p o  every 5 C . then plotting R 
0 

versus. tOc where 

The results are given in (Table 4) and represented in Fig. 2. From r his 

Figure. i t  becomes clcm that above 3 5 ' ~  compounds investigated have R-values 

between 0 and 4 ~ . c m - '  and the hydrazoncs PHUH and BABH are more 

conduc~ors and have values 16 and 9 ~ . c m - '  in the tempenlure range 3 0 - 3 5 O ~ .  
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TABLE 4. Rate of change of the exponential value (R) electrical conductivity 
0 

(s.crn-') versus t C for the investigated compounds. 

- 

PHB BAB PHBH BABH 
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Fig. 1. P C  vs. 10001T (K-') for the dyes PHB ond 
B A B  and their hydrozones PHBH and BABH. 

I PHB B A B  

B A B H  

Fig. 2. R-Value vs. t (;) for the dyes PHB ond B A B  

and their hydrozones PH BH and B A  BH - 
383 
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