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ABSTRACT

In thiswork, a numbers of dyes were prepared by reactions of donor imines derived from mother aldehyde as 2,4-
dihydroxy benzal dehyde with diazoti zed sulphanilic sodium salt asan acceptor. Theseimineswere oximesinaforms
of syn and anti forms beside Schiff bases hading a substituents on the primary amines part of the molecules as OH,
NH,, CH, and NO,. A spectrophotometric method was used for the investigation of stability constants values of
dyesmentioned at pH valuesof 5.1, 7.1 and 9.2 at temperature range (283-323)K. The thermodynamic parameters of
dyesformations, namely AG°, AH° and AS® were determined, discussed and interpreted.

© 2012 Trade SciencelInc. - INDIA

INTRODUCTION

Duringthe 28 years ago aconsderableinterest had
paid by the chemiststo the spectroscopical studiesof
imines by UV R4S NMR® and mass” spectra,
besideother kinetid®, stability constantsof chargetrans-
fer complexed® and tautomerisum of dyes'? studies.
Thesewerefor their applicationd*:*¥ in many fields,
e.g, biologicd, inorganicand andytica chemistry.

Azzouz et a'*2 had studied theinfluence of tem-
peraturesonvarious physica topicsaspKaof acidg*e,
tautomerisum™ of imines, associ ation between phenols
with benzyl mono benzylidene aniling™® or ortho
methoxy — benzylidene -p- amino aniline!*® kinetic of
rearrangement of a doximes?® and stability constants
of dyes?l. Theauthorsin these studies concluded that
thetemperaturewas amain factor influencing any of
the physical constants mentioned.

The present investigation was extension of thelast

study. It dealswith influence of temperature range be-
tween (283-323)K on the stability constants of dyes
formationsfrom reactionsof iminesderived from 2,4-
dihydroxybenzal dehyde with diazotized sodium
sulphanilicsdtat pH 5.1, 7.1 and 9.2. Thethermody-
namic parametersof dyesformationswere calcul ated
and discussed. A suitableinterpretation for AG°, AH®
and AS® parametersweregiven.

EXPERIMENTAL

All chemicd sused throughout thiswork were sup-
plied by Hukaorigin. Thesynthesisof iminesinaforms
of Schiff basesor synand anti oximes*2 arefollowed,
by using asimilar procedures. Productsare obtained
by reactionsof 2,4 dihydroxy- benzal dehydewith an
appropriate primary amines, purified by recrystalliza-
tioninethanal, dried and collected. Thechemicd struc-
tures of theseiminesareidentified and confirmed by
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using physica method such asm.ps, UV and IR spec-
traascitedin our previouscommunication,

Prepar ation of solutions 1

1 2x10*M reagent of diazonium salt asderived from
sulphanilic sodium salt was prepared by astandard
method*"). Then after it was diluted to 10°M by
digtilled water. 2

2 0.1M Na,CO, and 2N HCl asbasic and acidic so-
lutionsrespectively, were prepared by astandard 3
method. These solutionswere used to obtainthe pH
valuesof 5.4, 7.1 and 9.2 during dye stability con- 4
stant study. Na,CO, is el ected among other bases,
duetoitscapability to giveamaximum absorbance

=  Pyl] Peper
vaueof yellow dye.

Instrumentation

A computerized doublebeamuv_visible Shimadzu,
1601 spectro-photometer, matched silicacell of di-
mensions1x1x3cm?areused. All absorbancemea
surementswere performed versusblank.
Singlebeam Cecil CE 1011/1000 spectrophotom-
eter.

pH measurementswere achieved by using pw 9400
pH meter (Philips).

Water bath L200 (Memmert) was used to regul ate
the temperature of dye solutions, whenever isre-
quired in arange between 20-60C".

TABLE 1: Symbol, nomenclatureand somephysical constantsof imines.

Comp. Symbol of

No. 2,4- Comp. derivatives Nomenclature

Colour m.p. (°C) Structure

2,4-dihydroxy

1 DHBAL benzaldehyde

H—C=0

HO /i\_
pink 134136 I(j

~

OH

Syn-2,4-dihydroxy

2 SynDHBO benzaldoxime

N—OH
CH

milky 188-190 m[f’f‘\w
L

3 Anti DHBO Anti-2,4-dihydroxy

(@51
HO—W
H
colourless 110-112 ﬁ
S
\]/

benzaldoxime
OI-II_
H—C=N4<@
2,4-dihydroxy HO_ 2 -
4 DHBA benzylidene aniline Deep red O
OH
T il .
2,4-dihydroxy o \@
5 DHB-0-HA benzylidene-o-hydroxy red Y] o
aniline Nt
OoH
H—C=N "“\'-j
2,4-dihydroxy e \(_{'
6 DHB-m-HA benzylidene-m-hydroxy Mild red - Y ‘oH
aniline N\
0H
Lo _/KT\\\
2,4-dihydroxy o h_j:“ WP et
7 DHB-p-HA benzylidene-p-hydroxy red - )
aniline =

H

A Tndéan W
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Comp.
No.

Symbol of
2,4- Comp. derivatives

Nomenclature

Colour  m.p.(°C) Structure

DHB-0-AA

2,4-dihydroxy
benzylidene-o-amino
aniline

@ N

sandy -

DHB-p-AA

2,4-dihydroxy
benzylidene-p-amino
aniline

10

DHB-o-MA

2,4-dihydroxy
benzylidene-o-methyl
aniline

red -

11

DHB-m-MA

2,4-dihydroxy
benzylidene-m-methyl
aniline

Mild red -

12

DHB-p-MA

2,4-dihydroxy
benzylidene-p-methyl
aniline

red -

13

DHB-0-NA

2,4-dihydroxy
benzylidene-o-nitro
aniline

orange N1 N

S

14

DHB-m-NA

2,4-dihydroxy
benzylidene-m-nitro
aniline

H—C=N

yellow NO,

15

DHB-p-NA

2,4-dihydroxy
benzylidene-p-nitro
aniline

yellow -

RESULTSAND DISCUSSION

The stability constant value K of the dye product
DA isformed by the reaction of donor-acceptor mecha:
nism¥ jsevaluated from thefollowing reaction:-

D+A

DA

whereD and A areiminedonor and thediazonium salt
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mol ecul e acceptor respectively. DA isthedye product.
Thevaueof stahility constant K isevaluated*” ex-
perimenta ly from equation 1 of theform:
l-a
oiC D)
C =molar concentration of thedye; o= degree of dis-
sociation of the dye asdefined in equation 2

K=
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o==F @

E.=Absorbance of thedyeat 1:1 stoichiometricratio;
E,, =Absorbance of the dyeat optimal conditions

The stability congtants of adyesformation between
donor iminesand sul phanilic sodium salt were studied
spectrophotometrically. Their stability constant val ues
weredetermined at fixed pH and temperature asshown
inTABLE 2. The pH were selected at values5.4, 7.2
and 9.2. Smilarly, thetemperaturewerevariedinarange
(283-323)K. In order interpret the stability constant
valuesclearly thefollowing division of resultswere
thought necessary.

The stability constantsfor adyesformationsfrom
reactions of iminesderived from 2,4-dihydroxy ben-
zaldehydein aformsof synor anti oximes and Schiff
baseswith diazotized sodium sulphanilic salt at differ-
ent temperatureswerelisted inTABLE 1. Thevaria
tion of stability constantsvalueswith temperaturesen-
courage theworkersto eval uate the thermodynamic
parameters of dye formation namely AG®°, AH® and
AS°. Theheat of dyeformation AH° was cal cul ated®!
from theintegrated form of vant Hoff equation of the
forms-

InK =constant - AH°/RT 3
K = Stability constant of dye; AH® = Enthal phy of dye
formation; T = Absolutetemperature.

From equation 3 AH° wascal culated fromthe plot
of InK versusT2. A straight lineswere obtained for all
dyes under study with correlation coefficient range
(0.9572-1.0). Typical plotswereshownin Figure 1-4
foriminesDHBAL, anti DHBO, DHBA and DHB-o-
HA at pH valuesof 5.1, 7.1 and 9.2.

Ingenerd, TABLE 1 showed that equilibrium con-
stantsof dyesformationweredecreased by anincrease
of temperatures. AH® were cal culated for any dye at
different temperatures. The negativesignsof AH° val-
ues meansthat dyesformationswere happened withan
exothermic process. AH® cd culated and collected had
arangevaue(207451.4-238835.5)J.mole’. Also AG°®
valuesfor thedyes mentioned had cal cul ated?! from
equation of theform:-

AG° =-RTInK
Thenegativesignsof AG° shownin TABLE 1 mean
that dyesformationswere happened in aspontaneous

= Pyl Paper

y=2275x +1.7173
r=1.000

pH = 5.4

InK
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Figurel: Influence of temperatur e on azo dye formed by
reactionsof DHBAL with diazotized sulphanlic sodium
salt at different pH values

process. AG® valuescollected in TABLE 1 werede-
pended on theval ues of stability constants.

Finaly, the AS® valuesfor thedyesformationswere
cal culated from Gibbsequation of theform:-

AG® = AH® - TAS®, AS° = S-S,
where S, = Entropy of dye product; S, = Entropy of
dyereactant.

Theoretically speaking AS® wasexpected of nega-
tivesgns. Thesewereinfull agreement with many dyes
ligedinTABLE 1. Theother few rest valuesof dyesas
INTABLE 1 had apositivevauesof AS° whichwerein

Hn Tndéan g%wumé
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Figure?2: Influence of temperature on azo dye formed by
reactionsof AntiDHBO with diazotized sulphanlic sodium
salt at different pH values
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Figure 3: Influence of temperature on azo dye formed by
reactionsof DHBA with diazotized sulphanlic sodium salt at
different pH values
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Figure4 : Influence of temperature on azo dye formed by
reactionsof DHB-0-HA with diazotized sulphanlic sodium salt
at different pH values

disagreement with other theoretical prediction. The
cause for the last could be explained by the greater
strength of hydrogen bonding in reactantsiminesunder
study as compared with dye products. Moreover, the
hydrogen bond energies of the last were expected to
varieswithtemperatures. In other words, the hydrogen
bonding stated in dyes reactions were effective and
change AS® toapositivevalues.

Themissingvaduesof K, AG° and AS° asinTABLE
1 mean that these values of dyes at any temperature
wereundetermined experimentdly or afallureformation

A udéan Journal
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TABLE 2: Influenceof temper atureand thermodynamic par ameter sof azo dyesfor mationsat different pH values

19

=  Pyl] Peper

mbol of - - -
‘o ZS’Z” Comp. pH &) K3 %%1‘1) AG ﬂgrl) MM o mort K- S
Derivatives : (3. mor?) (3. mo1?) (- MOl K") (3 mo1 K
283 - - - -
293 - - - -
54 303 9.225 -23240.1 -23400.7 -18913.9 -18931.7 +14.27789 +14.27775
313 8.997 -23412.1 -18943.2 +14.27764
323 8.770 -23549.8 -18938.1 +14.27771
283 16.798 -39523.5 -140468.4 -356.69576
293 15.061 -36687.9 -141199.7 -356.69556
1 DHBAL 7.1 303 13.400 -34699.7 -34416.8 -141834.2 -141367.8 -353.57921 -355.91655
313 - - - -
323 9.964 -26756.2 -141968.9 -356.69567
283 - - - -
293 - - - -
9.2 303 12.989 -32720.7 -30300.6 -114116.7 -114382.9 -268.63366 -268.63365
313 11.791 -30682.4 -114764.7 -268.63355
323 10.240 -27498.6 -114267.3 -268.63375
283 16.477 -38767.9 -75063.2 -128.25194
293 15.520 -37807.4 -75385.2 -128.25188
54 303 14.557 -36672.3 -36606.1 -75532.6 75466.4 -128.25182 -128.25182
313 13.424 -34933.6 -75076.4 -128.25176
323 12.977 -34849.4 -76274.7 -128.25170
333 - - - -
2 SynDHBO 283 17.089 -40207.3 -172687.6 -468.12827
293 16.085 -39183.0 -176344.5 -468.12799
303 12.874 -32430.2 -174273.1 -468.12838
7.1 -37273.5 -174435.1 -468.12821
313 - - - -
323 - - - -
333 - - - -
9.2 283-333 - - - - - - -
283 14.707 -34602.3 -121119.4 -305.71413
293 13.153 -32041.1 -121615.3 -305.71399
5.4 303 11.644 -29333.9 -30703.3 -121965.2 -121806.1 -305.71386 -305.71401
313 10.312 -26835.8 -122524.3 -305.71406
323 - - - -
283 14.754 -34713.6 -88161.2 -188.86078
293 13.739 -33468.4 -88804.6 -188.86075
3 AntiDHBO 7.1 303 12.424 -31298.1 -32432.8 -885229 -88713.3 -188.86073 -188.86082
313 11.625 -30250.9 -89364.4 -188.86102
323 - - - -
283 13.512 -31792.1 - -
293 13.153 -32041.1 - -
9.2 303 - - -31916.6 - - - -
313 - - - -
323 - - - -
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mbol of - - -
“No ZS’Z”C"mp' PH (;) K- ?n%rl) AC ?n%rl) - o ~
Derivatives - (J.mo1h - (3.mo1?) (-mMol™K™) (3 mo1t K7
283 - - - -
293 15.870 -38658.5 - -
54 303 - ; -38658.5 - - - -
313 - - - -
323 - - - -
283 - - - -
293 17.782 -43317.0 -141054.3 -333.57440
4 DHBA 7.1 303 16.097 -40549.7 -38784.0 -141622.7 -1415249 -333.57426 -333.57435
313 14.328 -37285.6 -141694.4 -333.57444
323 12.655 -33983.8 -141728.3 -333.57430
283 13.627 -32061.9 -102817.2 -250.01873
293 12.391 -30184.5 -103439.9 -250.01843
9.2 303 11.184 -28175.2 -27867.5 -103930.8 -103623.1 -250.01848 -250.01855
313 9.889 -25733.8 -103989.6 -250.01853
323 8.633 -23182.0 -103938.0 -250.01858
283 12.484 -29371.9 -23805.8 +19.66820
293 12.133 -29554.7 -23791.9 +19.66826
54 303 11.872 -29907.4 -29845.0 -23947.9 -23885.5 +19.66832 +19.66831
313 11.464 -29833.6 -23677.4 +19.66837
323 11.379 -30557.5 -24204.6 +19.66842
283 15.242 -35862.6 -48726.6 -45.45795
293 14496 -35313.1 -48631.7 -45.45597
5 DHB-o-HA 7.1 303 13.988 -35237.2 -35176.2 -49010.4 -48949.4 -45.45611 -45.45633
313 13.494 -35114.8 -49342.5 -45.45591
323 12.793 -34353.4 -49035.6 -45.45573
283 13.547 -31873.9 -32812.5 -3.31661
293 12931 -31499.5 -32471.3 3.31672
9.2 303 12.646 -31855.8 -31807.3 -32860.7 -32812.2 -3.31650 -3.31657
313 12.208 -31768.1 -32806.2 -3.31661
323 11.931 -32039.2 331104 -3.31641
283 - - - -
293 - - - -
54 303 - - - - - - -
313 - - - -
323 - - - -
283 13904 -32713.1 -27438.7 +18.63746
293 13.734 -33457.2 -27996.4 +18.63754
6 DHB-m-HA 7.1 303 13.266 -33417.4 -334453 -27770.3 -27738.1 +18.63729 +18.63743
313 12.741 -33155.7 -27322.2 +18.63738
323 12.729 -34183.0 -28163.1 +18.63746
283 17.720 -41691.5 -95586.2 -190.44064
293 16.924 -41227.1 -97026.1 -190.44027
9.2 303 15.771 -39729.6 -39109.2 -97433.1 -96812.6 -190.44059 -190.44053
313 14.495 -37718.9 -97326.8 -190.44058
323 13.100 -35178.7 -96691.0 -190.44056
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mbol of - - -
“No 2%1/_00mp. PH (l) K= ?n%rl) AC ﬁf:grl) - SE s
Derivatives - (J.mo1t) - (3.mo1?) (-mol™K7) (3 mo1t K
283 13.988 -32911.3 - -
293 13.376 -32584.6 - -
54 303 - - -32748.0 - - - -
313 - - - -
323 - - - -
283 17.782 -41838.6 -119523.1 -274.50353
293 16.123 -39297.7 -119727.2 -274.50341
7 DHB-p-HA 7.1 303 14.883 -37492.5 -39542.9 -120667.0 -119972.4 -274.50330 -274.50341
313 - - - -
323 - - - -
283 14.811 -34849.1 - -
293 13.935 33944.7 - -
9.2 303 - - -34396.9 - - - -
313 - - - -
323 - - - -
283 - - - -
293 15423 -37569.1 - -
54 303 15.320 -38592.2 -38080.7 - - - -
313 - - - -
323 - - - -
283 14.430 -33950.9 -38550.7 -1625371
293 13.871 -33789.7 -38552.1 -16.25393
8 DHB-o0-AA 7.1 303 13.305 -33516.4 -33711.0 -38441.3 -38635.9 -16.25380 -16.25386
313 12.847 -33430.5 -38518.0 -16.25399
323 12.612 -33867.3 -39117.3 16.25387
283 - - - -
293 16.908 -41188.6 -166747.4 -428.52833
9.2 303 14.707 -37047.7 -35025.8 -166891.9 -167012.7 -428.52871 -428.52849
313 12.467 -32443.6 -166573.0 -428.52844
323 10.957 -29423.3 -167838.0 -428.52848
283 - - - -
293 12.169 -29644.7 - -
54 303 - - -29644.7 - - - -
313 - - - -
323 - - - -
283 18.923 -44523.9 -206198.4 -571.28799
293 16.333 -39785.9 -207173.3 517.28806
9 DHB-p-AA 7.1 303 13.816 -34803.2 -37207.5 -207903.6 -207451.4 571.28845 -571.28817
313 11.420 -29717.1 -208530.3 571.28818
323 - - - -
283 - - - -
293 14.092 -34173.7 -31407.6 +9.44061
9.2 303 13577 -34201.4 -35499.7 -31340.9 -31443.7 +9.44059 +9.44059
313 13.272 -34537.5 -31582.6 +9.44058
323 - - - -

Au Tudian Yournal
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Symbol of - - _
comp- 24 Comp. pH (l) K g Am%rl) AG - AH LAl AS S
Derivatives : (3. mor?) (.-molY) (3 mor?) (3-mol".K™) (3 mo1t K
283 15.043 -35394.7 -37271.2 -6.63074
203 14.558 -35462.0 -37404.7 -6.63038
54 303 14.121 -35572.1 -35499.7 -37581.1 -37508.7  -6.63036 -6.63043
313 13.651 -35524.7 -37600.0 -6.63035
323 13.236 -35544.8 -37686.4 -6.63034
283 15199 -35760.5 -45249.3 -33.52933
293 14.658 -35707.0 -45531.2 -33.52969
10 DHB-o-MA 7.1 303 14.037 -35362.1 -35396.6 -45521.6 -45556.0  33.52970 -33.52950
313 13521 -35184.5 -45679.2 -33.52939
323 13.022 -34968.9 -45798.9 -33.52941
283 15.049 -35407.4 -30122.9 +18.67315
203 14.682 -35766.4 -30295.1 +18.67338
9.2 303 14.357 -36167.9 -36023.1 -30509.9 -30365.1  +18.6327 +18.67321
313 13.944 -36285.2 -30440.5 +18.67316
323 13588 -36488.5 -30457.1 +18.67307
283 10.377 -24414.7 - -
293 10.009 -24381.6 - -
54 303 - - -24398.2 ; ; ; -
313 - - - -
323 - - - -
283 12.612 -29673.2 - -
203 0182 -22367.8 - -
11 DHB-m-MA 7.1 303 - - -26020.5 ; - ; -
313 - - - -
323 - - - -
283 - - - -
293 11.513 -28045.5 - -
9.2 303 90393 -236615 -25853.5 ; - ; -
313 - - - -
323 - - - -
283 12.183 -28665.3 -27055.3 +5.68905
293 11.850 -28866.2 -27199.2 +5.68942
54 303 11528 -29341.1 -28978.1 -27317.2 -27254.3  +5.68944 +5.68930
313 11.195 -29132.3 -27351.6 +5.68014
323 10.868 -29185.7 -27348.0 +5.68947
283 11.738 -27618.6 -15844.0 +41.60636
203 11.541 -28112.7 -15921.9 +41.60683
12 DHB-p-MA 7.1 303 11.362 -28623.3 -28569.4 -160165 -15962.6 +41.60660  +41.60660
313 11.161 -29043.0 -16020.1 +41.60671
323 10.966 -29449.5 -16010.6 +41.60650
283 14.177 -34753.4 -70942.8 -127.87774
203 13911 -33887.2 -71355.4 -127.87782
9.2 303 13.048 -32870.8 -33837.1 -71617.7 -71305.3 -127.87756  +127.87771
313 - - - -
323 - - - -
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of dyesat sometemperatures under study.

Finally, the changein structures of imines under
study resulted to adifferent values of thermodynamic
parameters and werein full agreement with several
studieg®2:2,
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