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Abstract : Kinetics have been studied by high vacuum and high pressure apparatus under various
temperatures and pressures for the nucleophilic substitution reaction. Rate constants, activated
parameters and Hammett p-values are determined. The values of AvVF s AB* and AST are all
negative. The Hammett p-values are negative for the nucleophile (px) over the pressure range studied.
Consequently the rate constant increases as the pressure increases, and some decrease in vacuum. So
these reactions proceed in typical Sx2 reaction mechanism.
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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 vessel
H . gas storage bulb

Fig. 1. Schematic diagram of high vacuum apparatus.
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W . Water bath

Fig. 2. Schematic diagram of high pressure apparatus.
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dt
=k[X-CsHaN][p-NO,CsH.COCI]

dt
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Table 1. Second-order constants (k;) for the
reaction of substituted pyridines (X-CsHsN)
with p-nitrobenzoylchloride in acetonitrile at
various temperatures and pressures

rate

X-  Temp. kex10° (L mol™ s%)

GHN (C) o 1 200 500 1000 bar
10 2583 2886 3543 60.13 9266

3-CH; 15 3331 3479 4566 7834 1307
20 4068 41.68 59.08 102.1  168.8
25 5990 6898 80.82 1355 2027
10 1846 19.60 2951 51.12  89.82

H 15 2485 2602 3938 7074 1288
20 3235 3424 5292 9413 1721
25 4731 4970 7353 1263 2197
10 0378 0429 0578 0.800 1330

3-Cl 15 0565 0659 0871 1263  2.101
20 0899 1009 1395 1947 3300
25 1014 1623 2132 2952 4839
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Table 2. Activation volume parameters for the reaction
of substituted pyridines (X-CsHi,N) with p-nitroben-
zoylchloride in acetonitrile at various tempera-
tures and pressures

X-  Temp. -AV” (mL mole™) -ABx10°(mL
CH.N (C) 1 200 500 1000 bar mole’ bar™)
10 364 329 275 186 17.8
3CH; 15 440 392 321 202 239
20 508 447 356 203 30.5
25 558 317 271 194 15.4
10 535 463 356 176 35.8
H 15 563 491 381 199 36.4
20 583 506 390 197 38.6
25 590 482 319 199 442
10 392 345 273 154 23.9
3.C1 15 452 404 335 211 278
20 520 454 356 191 329
25 564 492 394 234 36.3
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Table 3. Activation thermodynamic parameters for the
reaction of substituted pyridines with p-nitro-
benzoylchloride in acetonitrile at 25 C
under various pressures
X- Pressure (bar)
CsHuN 0 1 200 500 1000
3-CH; 3575 36.66 3590 3550 3421
p-H 40.87 4057 40.15 39.69 39.38
3-Cl  60.03 59.57 59.15 58.65 5834
3-CH; 1488 1450 1456 1425 143.1
7 pH 1345 1341 1321 1290 1253
3-Cl 9921 9871 97.71 9859 93.44
3-CH; 79.01 7881 7822 7693 75.82
AG™ pH 7967 7954 7854 7718 75.78
3-Cl 8857 8826 8755 86.73 8550
3-CH; 39.16 39.07 3831 3792 36.63
¢ p-H 4329 4299 4258 42.11 41.79
3-Cl 6244 6198 61.56 61.07 60.76
“AH™: kJ mole”, *AS™ K', °AG™: kI mole”,
a : kJ mole’
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Table 4. Hammett p, values for the reaction between
substituted pyridines (X-CsHsN) and p-nitroben-
zoylchloride in acetonitrile at various tempera-
tures and pressures

Temp. -Px
Ty o 1 200 500 1000 bar
10 4846 4824 4973 4973 4.898
15 4679 4553 4757 4757 4.769
20 4381 4279 4565 4.565 4.546
25 4292 4299 4412 4412 4321
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