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2 o, FFEPIT o|&3F [Ptidien)X])* (X=Cl-, Br, ")} NO,~2}9] xj3=1-3-3 20~35C,
1~1500bar 9ol 24, o) & dhgel £5 & 25 259} glelo] Foldel ulel Frlslelz, A
Z go]4de CI'>Br>1"geh, 843 S ([AV*])e 2% € ()9 #2 72 2501 &
7Vl wet Zhasisich, 25ColA T8 LAGEAE (B) 9 ol AEEAE (k) E o] Folel oie)
ool FIFAR, A RS kb 2ol A ABEI AV AV ) 25 & ()9 3 2k
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ABSTRACT. Kinetics of the substitution reaction of [pt{dien}X]*(X=Cl", Br~, I") with NO," in aqueous
solution were investigated by a spectrophotometric method at 20-35°C and 1-1500 bars. The rates of
these reactions were increased with raising temperature and pressure. The relative reactivities of re-
placeable ligands in [pt{dien)X]* follow the order (CI>Br>I'). Activation volumes (|aV*|} were large
negative values and decreased with raising temperature. First (k,) and second(%#,) order rate constants of
these reactions were determined at 25°C and both %, and %, were increased with raising pressure and
activation volumes (AV,* AV,”) for the k, and &, path were large negative values respectively. The &, and
k, of these reactions were determined at 1 bar and these values were increased with raising temperature,
Activation parameters of £, and &, path were determined, therefore it can be inferred frp, these results
that the substittition reactions of [pt(dien)X]* with NO,™ proceed through on associative (A) mechanism
independent of a leaving groups and reaction paths.
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Table 2. Elementary analysis data for Pt(l{) complexes

Element
Compound
Pt C N H
[Pt{dien)CI]C] Calcd.(%) [52.85 13.01 11.38 3.55

Found(%) |52.80 12.95 11.29 3.22
[Pt{dien)Br]Br Calcd.(%) |42.62 10.51 9.23 2.94
Found(%) |42.73 1054 950 291
Calcd (%) |35.34 870 8.08 2.37
Found(%) (35.37 8.79 8.12 252
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a) [ pridien)cllcl
b) [ Pt (dien)Br]Br
¢} [ pt(dien)1]1

al

[T
0
g

=

(1)
0% A
Ghe

Fig. 1. Electronic spectra of P{Il) complexes in
aqueous solution.
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Table 2. Rate constants (kg x 104 sec-1} for the substitu-
tion reaction of [Pt(dien)X]* with NO;

Temp. Pressure (bar)
(°C)
1 500 1000 1500
Cl- 20 1.851 2.554 3.259 4.011
25 2,755 3.760 4.764 5.769
30 3559 4815 6.121 7.427
35 4463 5940 7377 8.874
Br- 20 1595 2.198 2801 3.484
25 2536 3445 4333 5308
30 3350 4505 5.634 6.828
35 4.719 5520 6934 8.135
I- 20 1.167 1508 1913 2312
25 1.875 2526 3.146 3786
30 2.660 3558 4484 5398
35 3.438 4507 5179 6.574
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Fig. 2. Eyring plot for the substitution reaction of
[Pt{dien)X)* with NO~, at 1 bar.

Table 3. Pressure dependence of thermodynamic para-
meters for the substitution reaction of [Pt{dien)X]* with
NO, at 25°C

Pressure {bar)
1 500 1000

981 939 911
-42.01 -42.79 -43.25
2233 22.14 22.00 2188
10.79 1030 1012 946
-38.92 -39.96 -40.09 -41.92
2239 2221 2207 21.95
1288 1244 11.87 1164
-32.50 -33.40 -34.91 -3527
2257 2239 2227 2215

X Parameter
1500

8.87
-43.66

Cl- | 4H*(kcal /mol)
45" {en)
AG* {kcal /mol)
AH*(kcal /mol)
A48* (e}
AG™{kcal /mol)
I- | AH"(kcal /mol)
AS*(en)

AG*(kcal /mol)
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Table 4. kg as a function of [NO3] and Temp. for the
reaction of [Pt{dien)X]* at 1 bar

x [Temp.| [NOZ] [kopex 104 £y x 104 | £,x 103
(°C) |(mol-d )| (sec-l) | (sec-!) [(moi-Llsec-l)
Cl- 0.05 1.364 0.876 0.975
20 0.1 1.851
0.15 2.339
0.05 2.067 1.378 1.377
25 0.1 2.755
0.15 3.443
0.05 2.713 1.865 1.694
30 0.1 3.559
0.15 4.405
0.05 3.417 2.370 2.092
35 0.1 4.463
0.15 5507
0.05 1.098 0.602 0.994
Br-| 20 ¢.1 1.595
0.15 2.094
0.05 1.821 1.106 1431
25 0.1 2.536
0.15 3.251
0.05 2.419 1.487 1.863
30 0.1 3.350
0.15 4,282
0.05 3.043 1.906 2.273
35 0.1 4.179
0.15 5.316
0.05 0.743 0.364 0.758
i- 20 0.1 1.107
0.15 1.501
0.05 1.252 0.628 1.247
25 0.1 1.875
0.15 2.499
0.05 1.794 3.928 1,732
30 01 2.660
3.15 3.526
0.05 2.325 1.211 2.227
35 0.1 3.438
0.15 4.552

In (kew/ T)=In (% < e%* Y — AH*/RT (7)

AZIA In(koe/ T)& 1/ T ol vz} AAAA S
o[Fwu of A 7|-g7)e} Ao 2V AHTYY
AS™E 7Y 4 Y2, 2 ANE Fig, 2%} Table

3ol Vb,
25CA TR Al 2T o]
F7Wkl e} drsigar, Cl— Br— U432
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Fig 3. Plot of ku,, against NO3 for the reaction of
[Pt{dien)X]* with NO3 at 25°C, 1 bar.
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Fig. 4. The plot of In(k/T) vs. 1/ T for the first-and
second-order rate constants.

Table 5. Thermodynamic parameters for the first-and
second-order rate constant at 25°C

Parameter
AHY ASY AGY |4H; 453 4GS
(kcal- (e.u.) (kcal- [(kcal- {ew) (kcal
mol-1) mol-1) | mol-1) mol-1}

Cl- | 11.22 -33.66 2125 | 837 43.62 21.36
Br-| 1291 -33.57 2291 | 931 -40.53 21.38
I- ] 1377 -31.69 23.21 | 1221 -31.00 2]1.44

FHR. 25 AHZE vlzd Be ok(+)
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Fig. 5. Plot of p‘llrl(k,)kl) as a function of pressure for
the substitution reaction of [P(dien)X]* with NOj at
25°C.

Table 6. Activation volumes {4V *) and compressibility
coefficients for the reaction of [Pt{dien)X)* with NO3 at
various temp .

Temp (°C)
20 25 30 35

Cl- | AV *{cm3¥mol) ~17.05 -16.72 -16.41 -15.79
AB*(cm¥kbar mol)) -6.56 -6.33 -5,68 -5.77
Br [AV*(cm¥mol) F16.73 -16.32 -16.13 -15.57
A8*(cm¥kbar mol)} -5.79 -5.88 -5.97 -5.71
I-  JAV* (cm¥mol) -16.38 -16.04 -15.82 -15.25
AB* {(cm¥kbar mol)} -6.19 -6.26 -5.49 -552

X Parameters
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Table 7. hyps as a function of [NO3] and pressure for the reaction of [Pt(dien)X]* with NO3 at 25°C

X Pressure (NO3] kops x 104 ky % 104 avy Aky x 103 avy
(bar) (mol/ f) (sec-1) {sec™h) {cm3 mal) (mol-1/sec) {cm3/mol)
Cl- 0.05 2.066 1.376 -21.15 1.379 -12.61
1 0.1 2,755
0.15 3.445
0.05 2.905 2.043 1.720
500 0.1 3.760
0.15 4.625
0.05 3.788 2.777 2.004
1000 0.1 4.764
0.15 5.792
0.15 4.624 3.569 2.155
1500 0.1 5.769
.15 6.779
Br- 0.05 1.821 1.106 -20.5¢ 1431 -13.06
1 0.1 2.636
0.15° 3.251
0.05 2.534 1.624 1.823
500 0.1 3.445
0.15 4.357
0.05 3.271 2.148 2.185
1000 0.1 4.333
0.15 5.395
0.05 4.045 2.783 2.527
1500 0.1 5.308
0.15 6.572
I- 0.05 1.252 0.628 -19.85 1.247 ~14.53
| 0.1 1.875
0.15 2.499
0.05 1.717 0.905 1.623
500 0.1 2.526
0.15 3.340
0.05 2.256 1.203 1.945
1000 0.1 3.146
0.15 4.201
0.05 2.675 1.563 2.223
1500 0.1 3.786
0.15 4.898
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