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ABSTRACT. The reaction rates of para-substituted benzoyl chlorides ( p-CHs, p-H, p-NO;) with pyridine have been
measured employing the conductometry method in acetonitrile. The pseudo first-order and second-order rate constants
were determined a various pressures and temperatures. The activation parameters (AV T, ABT ,AHT ,AST and AGT)
and the Hammett p-vaues are determined from the values of rate congtant. Thevauesof AV T ,AB T and AST aredl neg-
ative. The Hammett p-values are postive for the substrate (py) over the given pressure range. The results of kinetic stud-
ies, for the pressure and subgtituent changes, show that these reactions are proceeded by a typical Sy2 reaction
mechanism and its bond formation is favored with elevating pressure.
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Fig. 1. Schematic diagram of high vacuum apparatus.
C1~C8:Vacuum stop cocks ~ M: Manometer

J Joint L: Platinum wire

S: Septum P: Platinum electrodes
W: Water bath CM: Conductor meter
R: Recorder G: Glass vessl

H: gas storage bulb
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Fig. 2. Pressure dependence of Ink. for the reaction of pyri-
dine with benzoyl chloride in acetonitrile under various pres-
sures.

w = A + BP**Z; Benson-Berson  (7)
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Table 1. Second-order rate congtants (k2) for the reaction of p-substituted benzoyl chlorides with pyridine in acetonitrile at various

temperatures and pressures

Y-GHcoa TP kodO°(L - mols")
(°C) 0 1 200 500 1000 bar

p-CHs 10 1.058 1.120 1.385 2.284 3536
15 1.705 1.726 2.147 3.566 5523

20 2511 2.697 3335 5.555 8.686

25 3.962 4127 5.100 8.364 12.79

p-H? 10 1.798 1.939 2.709 4.201 7.336
15 2.767 2.896 4.007 6.656 11.99

20 3.702 4.301 6.229 9978 19.00

25 6.339 6.679 9.105 14.00 23.73

p-NO, 10 18.46 19.60 2951 5112 80.82
15 24.85 26.02 30.38 70.74 1288

20 32.35 34.24 52.92 94.13 1721

25 4731 49.70 7353 126.3 219.7

%p-H: Benzoyl chloride
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Table 2. Activation volume parameters, for the reaction of p-substituted benzoyl chlorides with pyridine in acetonitrile at various

temperatures and pressures

Y-CsH,-COCl Temp. AV T (L -mole) ARO
(°C) 1 200 500 1000 bar (mL - mole™ - bar™)
p-CH 10 383 341 27.8 17.2 212
15 39.3 350 284 175 21.9
20 395 354 29.1 187 20.9
25 39.6 352 28.6 176 221
p-H? 10 410 37.0 309 20.8 20.2
15 449 405 337 25 25
20 455 416 357 258 19.8
25 413 37.2 311 21.0 20.4
p-NO, 10 535 46.3 356 176 358
15 56.3 491 381 19.9 36.4
20 58.3 50.6 39.0 19.7 386
25 59.0 482 319 19.9 44.2

%p-H: Benzoyl chloride
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Table 3. Activation parameters for the reaction of p-substituted benzoy! chlorides with pyridine in acetonitrileat 25 °C under various
pressures

Pressure (bar)
Y-CsH4-COCl

0 1 200 500 1000
AH T2 p-CHs 58.61 58.77 58.66 58.48 58.10
p-H 54.67 55.19 54.53 54.01 53.61
p-NO;, 40.87 40.57 40.15 39.69 39.38
—-ASTp p-CH3 94.41 93.48 92.08 88.52 86.18
p-H 104.1 101.6 101.1 99.05 95.62
p-NO, 134.5 134.1 132.1 129.0 125.3
AGT° p-CHs 86.05 85.94 85.42 84.21 83.15
p-H 84.92 84.72 83.90 82.80 8140
p-NO, 79.67 79.54 78.54 77.18 75.78
= p-CHs 61.02 61.19 61.08 60.87 60.52
p-H 57.09 57.61 56.94 56.43 56.02
p-NO;, 43.29 42.99 42.58 4211 4179

3AHT: kJ-molet,PAST: J-mole™ - K™, °AGT: KJ- mole’?, %Ea kJ- mole®
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Fig. 3. Isokinetic relations for the reaction of pyridine with

p-substituted benzoyl chlorides in acetonitrile at various
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Table 4. Isokinetic temperatures (Tiw.: K) for the reaction
between pyridine with p-substituted benzoyl chlorides

p-CH3CsH,COCI CsH,COCl p-NO,CsH,COCI
261 260 146
65 159 157
248 236 274
Op-CH3
& p-H
§0 ADp-NO2
TCD
©
=
el
E
- ‘>
# 40
(=
>
<
|
20
40 60 80 100 120 140 160

-AS ¥ (Jemole™ +K)
Fig. 4. Therelation of activation entropy (AST) vs. activation

volume (AV{ ) for the reaction of pyridine with p-substituted
benzoylchlorides (Y-C¢H,COCI) in acetonitrile a 25°C.
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Fig. 5. Hammett plots for the reaction of p-substituted ben-
zoyl chlorides with pyridine in acetonitrile at 25 °C.

Table 5. Hammett py valuesfor the reaction between pyridine
(CsHsN) and p-substituted benzoy! chlorides (Y-CsH4COCI) in
acetonitrile at various temperatures and pressures

Temp. Py
)] 0 1 200 500 1000 bar
10 1304 1302 1377 1412 1453
15 1224 1235 1308 1350 1.403
20 1180 1160 1241 1.280 1322
25 1129 1131 1202 1.236 1.281
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