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8 ¢ Fe(lll) 9 Mn(II)3} p-aminocazobenzene @ = =71 4--33le A FEEo o8l
o FAA-AA R AJAERR=Y] A VA=Y & of &3t Foh A, donor 8] G =%}
AP ol A 4% F& 24890, 2 23} A2 2448, GFERTF R EXHALE T
3te] van’t Hoff A o 2 By 4H®, 4G° R 45° & AAdder @Az FH5ERAE 28 3o
whedest FP2AUAE A H3lo.

ABSTRACT. The complex formation of p-aminoazobenzene and its derivatives with Fe(III)
and Mn(II) has been studied by UV and IR spectroscopy and conductometry. The effects of
solvents, donor basicity, and other factors on the formation of these complexes have been
examined. The vatio of metal to ligand for the complexes formed is 1: 1, both in the solid state
and in solution. The stability constants of Fe(IlI}-donor and Mn(II)~donor complexes are in the
range of 10°~10* and 0.1~1, respectively. The absorptivities are ~10* and ~10° {/mol-cm,
respectively. Thermodynamic properties such as AH®, 4G°® and AS° are calculated from their
stability constants utilizing Van't Hoff equation.
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Fig.1. Absorption spectra of acceptors in various
solvents at 25°C. 1 : acetonitrile. 2: methanol. 3:

ethanol.

Table 1. Absorption maxima () of denors in
various solvents at 25°C (nm)

Donor Acetonitrile Methanol Ethanol
AAB 384 386 388
MAB 400 402 404
DMAB 412 410 415
2MeDMAB 418 415 412
3’MeDMAB 410 408 406
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Fig.2. Absorption spectra of DMAB in various
solvents at 25°C. 1: acetonitrile. 2: methanol.
3 : ethanol.

Table 2. Absorption maxima {(4n,,) of complexes
in various solvents at 25°C (nm)

Complex Acetonitrile Methanol Ethanol
Fe(lII)-AAB 498 500 486
Fe(II[)-MAB 506 508 502
Fe(II[)-DMAB 514 516 512
Fe{lll)-2MeDMAB 512 514 514
Fe(II1)-3'MeDMAB 518 518 516
Mn{(I[)-AAB - 500 496
Mn(I[)-MAB - 510 504
Mn(II)-DMAB - 518 516
Mn(1I}-2MeDMAB - 516 514
Mn(1I)-3’MeDMAB — 522 518

TF#9 —NH,7| ¥¥l 23" CH,78 %7}
2} 2-methyl X 33} 3 -methyl 2] & x5 ot&
electron donating o) =2} AAB, MAB, 3'Me-
DMAB, DMAB 4 2MeDMAB ¢=2.8 #s}lA-%
o7 o %¥S o 4 3o p-aminoazobenzene
F =z FEA S pK, 20 GAFE &+ A
. Fig.2e]& 7 f£oodl4 & DMABS 2
HER & Ve,

AEEe ExAHEY

A) F}E9 FF2Med : 74 Lo Fe
1) R Mn(ID)3 xzt49] donor o] 23t A
Ase FEE HY §4o= Yo acce-
ptor-donor AE9 P& AAY F U2
Table 20) Wob %2 e & 2 S0l
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Fig.3. Absorption spectra of complex in various
solvents at 25°C, 1: acetonitrile. 2: methanol.
3 : ethanol.
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Fig.4. Effect of refractive index (np) of solvent on

1 of complexes.
zm“

3 :ethanol. a: Fe(III)-AAB complex.
a’ : Mn(II)-AAB Complex.
b : Fe(II1)-MAB. b’ : Mn(II)-MAB,
¢ : Fe(I11)-DMAB, ¢ : Mn(IT)-DMAB.
d : Fe(III)-2MeDMAB. d’: Mn(II)-2MeDMAB,
e : Fe(II)-3'MeDMAB. ¢’ : Mn(I1)-2MeDMAER,

1! acetonitrile. 2 : methanol,
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Fig.5. Continuous variation plot of Fe(III)-donor
complexes in acetonitrile at 25°C. 1 : Fe(III)-AAB.
2 : Fe(IIN-MAB. 3:Fe(llI)-DMAB. 4: Fe(Ill)-
2MeDMAB. 5: Fe(III)-3'MeDMAB.
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Fig.6. Benesi-Hildebrand plot of Fe(III)-DMAB
complex in acetonitrile at various temperatures.
(Anex=514nm).
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Table 3. Stability constants and molar absorption coefficients of complexes in various solvents and

temperatures
Stability constant (K)
Complex Solyent Cmax
15°C 20°C 25°C 30°C 35°C 40°C 45°C
Fe(IlI)-AAB CH;CN 5.39X10% 4.39 X107 3. 72X 104 3, 29X 104 2. 91 X 1(# 2. 75X 10* 2. 30X 10# 4. 51 X 10¢
CH;OH 5.99x10% 4. 69X 107 4. 35X 10° 4. 04 X 107 3. 78X 10° 3. 40X 10° 2. 68X10° 1. 39 X 10*
C,HsOH  5.50x10%5.29X 102 5. 11 X 10% 4. 82x 102 4. 65X 10? 4. 55X 10 4. 38 10% 9. 35 X10?
Fe(III)-MAB CH:CN  10.30X10% 8.25X10% 7. 35X 10* 6. 70 X 10% 5. 86 X10* 5. 41 X 10* 4. 90X 104 5. 73 x 104

CH,CH
C,HsOH

6.83%10% 6. 56X 10% 5. 71 X 10° 5. 20 X }0° 4. 78 X 109 4. 33X 107 4. 18 X 10% 2, 08 X 10#
2.98X 102 2, 79X 107 2. 69X 10? 2. 59X 10% 2. 53X 10° 2. 43 X102 2, 43X 102 1. 86 X 104

Fe(II)-DMAB CH,CN
CH3yOH

C,H;OH

1.32X10* 1.20x10* 1. 19X 10* 1. 17X10* 1. 16 X 104 1. 11 X10% 1. 10X 10* 6. 87 X 10*
5.94%1095.10x10% 4. 89103 4. 07103 3. 72X 108 3. 44 X 107 3. 41 <103 1. 45 X 104
2. 73X 107 2.42X10% 2. 44 X 102 2. 40X 102 2. 38 X 10° 2, 39 X 162 2. 33102 8. 63 x 107

Fe(IIl)-2MeDMAB CHCN
CHsOH

C,HsOH

2.26X10 2. 14X 10% 2. 06X 10° 1. 99X 10°% 1. 93X 10°% 1. 85X 10% 1. 73X 10° 1. 69X 10
1.68x10% 1. 34 X104 1. 22X 104 1. 09X 104 0. 97 10% 0. 88X 10* 0. 79X 10 4. 62X 104
2.90x10% 2.56X10° 2. 48X 10° 2. 35X 10° 2. 27X 10° 2. 17X 10% 2. 11 X 10% 1. 51 X 10¢

Fe(III)-3'MeDMAB CH:CN

1.18X10% 1. 10X 10° 1. 04 X 10% 1. 01 X 1(? 1. 01 X 10% 1. 06X 103 0. 98 X 108 2. 25 X 10°

CHCH 3.84X10%3.52X10° 3. 24 X 10° 2. 98X 10° 2. 72X 10° 2. 54 X 10° 2, 39X 10% 2. 40X 10*

CHOH  5.54X10° 5. 26X 10° 5. 22X 10° 5. 16 X 10° 5. 17x 10° 5. 08 10° 4. 90X 10° 2. 84 X 10°

Mn(iI)-AAB CHzOH 1.07 1.00 0.98 0.97 0.95 0.92 0.89 3.11x10%
C,HisOH 2.67 2.84 2.91 3.16 3.32 3.28 3.33 2.03x10°

Mn(II)-MAB CH;0H 1.33 1.34 1.36 1.35 1.33 1.31 1.31 3.16 <107
CH;OH 1.08 1.11 1.17 1.23 1.23 1.27 1.27 4.42x10°

Mn(I1)-DMAB CH;OH 2.55 2.25 2.19 2.12 2.12 2.10 2.01 2.02x 107
C,HsOH 1.76 1.86 1.90 1.97 2.04 2.08 2.9 1. 70 x 108

Mn(II)-2MeDMAB CH;OH 0.17 0.15 0.15 0.14 0.14 0.14 0.13 5.11 104
C,H:OH 0.43 0.490 0. 40 0.38 0.36 0.35 0.33 7.53x10%

Ma(II)-3' MeDMAB CH,OH 0. 067 0. 069 0.071 0.072 0.073 0.074 0.075 7.33x10%
CHOH (.49 0.52 0.53 0.54 0.55 0.57 0. 60 3.45x 103

=3} donor &] amino 7)o methyl 77} X %5 g3 e #Weld &3v] AAB, MAB 9

ol Wt A7t F7MER A EATIF F}E
£ A g AABY Fzo Widy} loE2 me-
thyl 749 QA EHA R} AAFA EdE 27
3}7] vl Folm] WA 2-methyl X) #5} 3'-me-
thyl J §tel A& AA7 FARG 2 515474 2
A de ¢ F A e AAFALARD
A@H gvigs 2 A4 2} g A
AAFA L2} QA Lol o2} gHg 244
& Ao 7b A3 S, B A¥elA e AR
A2 A9 nel gAEFs) FAAFALAY
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Table 4. Thermodynamic properties of complexes in various solvents

Complex Thermodyn. propert. CHJ.CN CH,OH C,H;OH
Fe(Il[)-AAB —4H° 4. 888 4. 021 1.402
—4G° 6.282 5. 001 2,587

—48° —4.598 -3.232 —3.908

Fe(lID-MAB —4H° 4.318 3.248 1.253
—4G° 6.696 5.161 3.355

—48° —7.864 —6.318 ~6.933

Fe(III)-DMAB —~4H?° 1. 040 3.672 0. 698
—4G° 5.646 5. 034 3. 310

—48° —15.194 —4.821 —8.617

Fe(lIl)-2MeDMAB —4H*® 1.512 4.355 1.803
—d4G° 4.574 5. 605 4. 686

—48° —10. 100 —4.120 —9.510

Fe(III)~3’'MeDMAB —4H*® 1. 007 2.926 0. 556
—4G° 4.186 4. 819 4.510

—48° ~=10. 490 —6. 240 —15.160

Ma(II)-AAB —4H®° —_ 0.937 —5. 681
—4G° — —0.021 0.676

—48° -_— 3.163 —20.983

Ma(II)-MAB —d4H° - 0.182 —1.140
—4G° — 0.173 0.106

—A48° _— 0. 027 4.098

Mn(I[)-DMAB —4H?° - 1.201 —1.063
—4G° — 0.470 0.404

—45° — 2.4)2 4. 849

Mn(II)-2MeDMAB —4H?®° — 1.286 —0. 606
—4G* — —1.157 —1.587

- 45° —_ 8. 069 3.237

Mn(I)-3'-MeDMAB —4H® —_ 1. 085 —1.081
—4G*° — ~Q. 588 —0.368

—48° - 5.517 2.350

(dH? : keal{mol, 4G° : kcal/mol, 48°:e.u.).
_ qa0_. AG°—4H"°
48 i

2 2o W3l logK st 4ol wet S ¢
T T JHC, 4G° R 48° & A4 on
Table 4o . g+& A3}, Orgel © Mul-
liken*e] o] 3tmd oA ¥ AA =T R @
4 Frezes A¥A K7 2K;ol=m
2 3489 93] P conformation &
€ 1:1389 EFAAAE 4937 &%
3he, Agel 4 FEAAe 4 489
HAAGFEE <139 conformation o} o}& o g

Jehe] Feol JHLE T 3oy, FEvg 4
Qg Al T ol Hpamz

ago=220Ki 5 ¥ 4 9ot m@ lgk

L9 adzst A48 dehiA AdE RE
Hee] 1: 135 250 FaAd e 4H; 3
£ ZHAck @, 28w vt e 1:1%
FE0l ZADHR ean=I K/ K £ &% o
% st g Aolmz logK o 49 =5}
A4 L 3ol9 ep, 7t 25 FA3tmz2 F
9 74 Ao 497 AAARAUAE AR
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Fig. 7. Plot of —4H®° against, 45° for Mn{II}-
donor and Fe(III)-donor complexes in various
solvents. 1 : acetonitrile. 2 : methanol. 3 : ethanol.
donor : @AAB AMAB EDMAB (O2MeDMAB
A3'MeDMAB. complex : @Fe(IIl)-donor.
®Mn(II}-donor,

1:13E2 & 5 g+

7 %g9 4H° ol 42 24 ¥ AL do-
nor ¢ acceptor A ge] 4§ AFA HUE ¢
4 glod 209 FAeol & Aol 2 ghel
2} Fe(lIl)-donor 38 4H °<0 )7 donor
7} DMAB, 2MeDMAB 9 3'MeDMAB A=
CH,OH, CH,CN 9 CHOH =z & & Jehj
3 et £43] Mn(Il)-donor AEH A+ eth-
anol ¢l A% 4H®>0¢ A& L=A5A =t
Kol A4dte Aoz Not AEYHAHAA F
g2t HAo] ojrvts Aoz Y74 me-
thanol g ] 4 JH°<0 AL =45
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Table 5. Molar conductance of complexes in various solvents
(temp, : 254:0.1°C, %deg. : 2, cell constant : 0.73)
Molar conductance (chm~!-em?-moi-1)
acceptor Donor Complex Solvent Concentration (10-M)
0.5 1.0 1.5 2.0 2.5 30

Fe(IlI) CH4,CN 125.20 104.30 96.93 94.00 90.40 89.33
AAB CH,CN 49.00 24.70 16.07 14.35 11.56 8.77

MAB CH;CN 60.25 30.10 24.67 20.30 20.76 18.60

DMAB CH4CN 51.4¢ 28.00 18.60 14.25 11.48 8.63
2MeDMAB CHCN 44.42 23.80 15.47 12.45 9.40 8.13
3’MeDMAB CHCN 39.60 21.40 14.20 12.20 9.60 8.67
Fe(TII)-AAB CHiCN 105.80 101.50 98.80¢ 96.50 96.00 95.70

Fe(ll[)-MAB CHLCN 123.60 112.90 104.33 102.00 96.00 92.33

Fe(III)-DMAB CH:CN 141.60 117.75 102.27 95.80 92.00 91.67

Fe(IID)-2MeDMAB CHiCN 120.20 103.90 100.18 99.00 98.80 97.30

Fe(IID)-3'MeDMAB CH,ON 123.20 103.00 101.93 99.50 100.80 100.00

Fe(IIl) CH,0H 249.20 198.00 182.67 169.50 164.00 167.67
AAB CH;OH 73.44 42.50 32.60 13.50 8.52 59.97

MAB CH;O0H 35.38 2140 15.00 8.22 17.68 16.30

DMAB CH,0H 28.24 13.61 19.73 16.65 16.56 8.03
2MeDMAB CH3;0H 33.02 17.13 11.% 9.45 7.92 6. 87
3’MeDMAB CHsOH 28.24 13.39 8.67 7.24 6.22 5.89
Fe(III)-AAB CH;0H  297.40 212.00 204.67 201.00 196.80 190.33

Fe(III)-MAB CH3;0H 234.00 262.00 222.70 220.50 216.40¢ 211.70

Fe(llI)-DMAB CH3OH 226.80 224.00 232.00 227.00 222.00 218.00

Fe(III)-2MeDMAB CH3OH 187.40 186.00 171.33 165.00 156.40 152.33

Fe(Il)~3'MeDMAB CHOH 197.60 181.10 163.30 158.00 147.20 141.33

Fe(III) C;HsOH 33.86 31.80 31.73 30.70 29.56 28.87
AAB C,HsOH 22.78 11.60 7.83 5.83 4.81 4.04

MAB CyH;0H 23.88 11.87 8.08 5.91 4.93 4.06

DMAB C,H;OH 23.36 12.79 7.86 5.96 4.65 £.06
2MeDMAB C.,HsOH 24.48 12.15 8.18 6.08 4.90 4.09
3'MeDMAB C,HsCH 23.14 11.68 7.81 6.12 4.86 3.98
Fe(ID-AAB C,H:OH 66.60 52.70 A47.73 44.70 43.20 41.80

Fe(If[)-MAB C,H;OH 63.60 54.10 50.00 47.20 45.36 43.60

Fe(III)-DMARB C,HsOH 65.60 50.90 48.20 37.70 3552 32.90

Fe(IlI})-2MeDMAB C,H:OH 64.80 53.40 48.00 44.15 41.88 39.20

Fe(lII)-3'MeDMAB C,H;0H 64.20 54.20 47.93 43.55 40.28 38.07

Mn(ID) CH;OH 183.40 139,10 132.00 128.00 123.60 119.00
Mn(II)-AAB CH3OH 187.40 161.20 148.00 139.00 109.67 128.33

Mn{II)-MAB CH;OH 138.80¢ 160.70 146.67 138.50 110.33 127.33

Mn(II)-DMAB CH30H 184.60 159.20 148.00 139.00 111.00 127.67

Mn(II)-2MeDMAB CH;OH 189.80¢ 161.40 148.67 139.00 110.67 128.33

Mn(ID)-3'MeDMAB CH;OH 189.20 161.90 147.33 140.00 110.67 129.00
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Mn (II) C.H;OH
Mn(I)-AAB C.HOH
Mn(II)-MAB C.HyOH
Mn(II)-DMAB CHOH
Mn(I)-2MeDMAB  C,H;OH
Mn(I)-¥MeDMAB  C,HsOH

33.20
54.00
53.80
52.20
54. 00
53. 40

23.80
42.10
42.00
41.70
42.30
42.30

24.60
37.60
37.00
37.47
37.73
37.80

24.90
34. 40
3#.35
34.10
34.45
34.15

24.48
32.60
32.36
2.4
32.60
33.32

24.13
31.03
31.10
31.07
31.27
31.23
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