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The substitution reaction of (DTN)W2 (CO)1 0 with

P(OCH(CH3 )2 )3 is a stepwise reaction. The kinetics of

step 1 follow the equation:

-d[substrate] /dt = kld [substrate] + k la [substrate] [ligand].

Thus the mechanism of step 1 is expected to be a competi-

tion between dissociative and associative pathways.

The kinetics of step 2 follow the equation:

-d[ (DTN)W(CO) 5 ] k2dk3 [ (DTN)W(CO) 51 [ligand]

dt k-2 [DTN] + k3 [ligand]

The plot of kobsd versus [ligand] thus is a hyperbolic

curve and the plot of 1/kobsd versus 1/[L] exhibits linear

behavior. A mechanism for step 2 in which (DTN)W(CO)5

dissociates to an intermediate, W(CO) 5 , and in which DTN

and P(OCH(CH3 )2 )3 compete to associate with W(CO) 5 i

favored.

The dissociative rate constant of the first step, kld'

is about 1.2 times of that of the second step, k2d. The

dissociation of (DTN)W(CO) 5 from (DTN)W2 (CO) 10 is favored



over the dissociation of DTN from (DTN)W(CO) 5 due to a

combination of the steric, stoichiometric, charge repul-

sion and entropy ef fects of the reaction.
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CHAPTER I

INTRODUCTION

Fundamental mechanistic studies of octahedral car-

bonyls and their derivatives can offer an understanding of

factors influencing ligand substitution processes in metal

carbonyls. An investigation of ligand displacement reac-

tivity requires a brief consideration of the bonding be-

tween metal and carbonyls. Transition metals in low

oxidation states usually react with carbon monoxide to form

stable complexes. The majority of transition metal car-

bonyl complexes obey the "sixteen and eighteen electron

rule" or "effective atomic number rule" (EAN). That is,

the stable organometallic compounds of the transition

metals would have a total of 16 or 18 valence electrons

about the metal. This tendency has been discussed by

Mitchell and Parish (1) and can be used to predict the

stoichiometry of transition metal carbonyl complexes.

Carbon monoxide is a poor sigma donor; however, it can

form stable metal carbonyl complexes. The molecular

orbital theory offers the best explanation of the strength

of this metal-carbonyl interaction (2) on the basis of

carbonyl-to--metal sigma bonding and metal-to-carbonyl pi-

backbonding. Since backbonding increases the effective
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nuclear charge of the metal, this limits metal-to-carbonyl

electron flow while increasing carbonyl-to-metal electron

flow. At the same time, the drift of electrons to the

metal diminishes the effective nuclear charge of the metal.

As a result, metal-to-carbonyl electron flow becomes pos-

sible. This mutual reinforcement makes the metal-carbonyl

bond stronger than the individual bonds would indicate.

The consequences of metal-carbonyl bonding have been

examined in many ways. The most striking evidence for

backbonding in transition metal carbonyls is the reduction

in the carbon-oxygen stretching frequency or force constant

compared to that of free carbon monoxide (3). Thus a higher

metal-carbonyl bond order is implied by a lower frequency

[VI(CO)] and force constant [F(CO)]. The CO vibrational

frequency of metal carbonyls in infrared spectroscopy is

in the range of 2200-1800 cm- . These stretching modes

provide much information about the molecular structure and

bonding of 'the CO to the metal. The number and intensity

of the bands depend largely on the local symmetry about the

metal to which the carbonyls are attached. Using distinct

CO stretching frequencies in infrared spectroscopy for

metal carbonyl complexes, the reaction products can be

monitored and the purity of the complexes can be deter-

mined.
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Models of Ligand Substitution Processes

We are mainly interested in substitution reactions in-

volving transition metal carbonyl complexes. This type of

reaction involves the breaking of metal-ligand bonds and

the formation of new bonds. A Lewis base (L') can replace

either the carbonyl moiety or the substituent:

M(CO)X(S) + L' ) M(CO) Xl1(S) L' + CO

or M(CO) (S) + L' --- > M(CO), (S) L' + S

In general, the rate laws for these reactions can be

divided into three types. For the first type, the rate de-

pends only on the concentration of the substrate. In this

reaction the rate law is first order and proceeds through a

dissociative mechanism. The rate law is expressed as

-d[substratel/dt = k1 [substrate]

Angelici and Basolo (4) studied the reaction of

Mn(CO)5 X with different ligands such as CO, PR3 and aniline

(Figure 1), all of which are found to have the same rate

constant. Kinetic data showed that the rates are not af-

fected by the nature or concentration of the ligand. As a

result, these reactions are assigned a dissociative

mechanism.

For the second type, the reaction rate depends on both

substrate and ligand concentration. For this reaction, the

rate law is second order and proceeds through an
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Fig. 1--Substitution reaction mechanism involving

rate-determining dissociation of carbon monoxide.
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associative mechanism. The rate law is expressed as

-d[substrate]/dt = k2 [substrate] [ligand]

For reactions of this type, the ligand attacks at the

central atom to form a seven-coordinate intermediate, as

shown in Figure 2. Another possibility is that the re-

actions take place by attack at the carbonyl carbon, as

shown in Figure 3.

The reactions of tungsten and molybdenum hexacarbonyls

with tetrabutylammonium halides are believed to proceed

through formation of a seven-coordinate intermediate

through attack of the halide at the metal in the rate de-

termining step (5). The reaction of M(CO)6 (M = Cr, Mo, W)

with tetraethylammonium azide yields an ionic product

N(C2 H5 )4 [M(CO)5 NCO]F. In this reaction it is believed

that the azide anion attacks the carbonyl carbon in the

rate-determining step. Molecular orbital calculations of

the positive charge on the carbonyl carbon atoms in M(CO) 6

molecules, and the absence of formation of azide compound

M(CO) 5 N3  support this mechanism (6).

The results of Covey and Brown (7) for the reaction of

(amine)Mo(CO)5 complexes with various nucleophiles has been

interpreted as indicating that the "associative path" is

best described as a dissociative interchange (Id) process

in which there is relatively little bond-making in the
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transition state. The interchange model as discussed by

Langford and Gray (8) is

MA F-:- [MS,A] Z >MS + A

MS + L ML

L + MA +-.[MA,L] - ML + A

where S is solvent and the brackets enclose solvent-

encased substrate and a species occupying a position favor-

able for interchange.

The third type is a combination of the first and

second type of reaction. It indicates a competition be-

tween the first and second order reactions. The rate law

is expressed as

-d[substrate] /dt = k1 [substrate] + k2 [ligand] [substrate].

Most of the reactions obey this rate law. If the ligand

concentration is in excess, 20-fold or greater than the

substrate concentration, the rate law of the third type

reaction can be expressed as pseudo first order kinetics,

as shown below:

-d[substrate]/dt = kobsd [substrate]

here kobsd = k1 + k2 [L].

A plot of kobsd versus ligand concentration will exhibit a

linear behavior with a slope of k2 and an intercept of k .
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The Problem

Angelici and Graham (9) investigated the reaction of

metal hexacarbonyls with phosphites and phosphines. The

rate law is expressed as

-d[M(CO)6 1/dt = k1 [M(CO)6 ] + k2 [ligand] [M(CO) 6 1.

The second term is often of negligible importance. It has

been ascribed to either an associative process or a dis-

sociative interchange (7). Our particular concern about

the substitution reaction is the dissociative loss of the

ligand from the metal in the transition metal carbonyl

complexes.

Dobson and Schultz (10) investigated a ligand exchange

reaction of (2,2,8,8-tetramethyl-3,7-dithianonane)tetra-

carbonyltungsten(0)((DTN)W(CO) 4 ) with alkyl and aryl phos-

phites, which supported a mechanism involving initial ring-

opening, and subsequent competing ring-reclosure and ligand

attack at the ring-opened five coordinate intermediate. A

new compound a- (2,2,8 ,8-tetramethyl-3 ,7-dithianonane) -

decacarbonylditungsten (O) ((DTN)W2 (CO) 10 ) associated with

(DTN)W(CO) 4 was synthesized. This complex is a bridged

compound with a bridging ligand DTN. We are attempting to

determine the mechanism of the bridged compound in its

reaction with triisopropyl phosphite, and the factors which

influence the dissociation rate constant of the first

((DTN)W(CO) 5 ) and second (DTN) departing groups.
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CHAPTER II

EXPERIMENTAL

Instrumental

The infrared spectra for identification of the sub-

strates and products were run on a Perkin-Elmer 621 grating

spectrophotometer., NMR spectra were obtained on a Perkin-

Elmer model R-24B 60 MHZ NMR spectrometer. Reaction rates

were monitored in the visible region on Beckman Model DU-2

direct reading spectrophotometer. All samples for kinetic

experiments were weighed on a Mettler Balance, type H16,

to 0.0001 g. Kinetic data were analyzed by a least-squares

curve fitting program on an Hewlett Packard Model 2000

computer.

Preparation and Purification of the Materials

Triisopropyl phosphite: P(OCH(CH3 )2 )3 was purchased from

Aldrich Chemical Company and was purified by fractional

distillation at 72-75*C, and 20 torr over sodium.

1,2-Dichloroethane: C 2H4Cl2 was purchased from Matheson

Company, Incorporated and was purified by fractional dis-

tillation over phosphorus pentoxide.

Tetrahydrofuran: OCH2 CH2CH2 CH2 was purchased from Matheson

Coleman & Bell Company and was purified by fractional dis-

tillation over sodium.

11
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2,2,8 ,8-tetramethyl-3,7-dithianonane (DTN): One mole of

sodium (23 g) was reacted with 500 ml of absolute ethanol

in a one-liter three-necked flask equipped with a mechani-

cal stirrer, dropping funnel, reflux condenser, and nitro-

gen inlet. When the sodium was. completely dissolved, one

mole of t-butyl mercaptan (90 g) was slowly added to the

reaction solution. The reaction mixture was then stirred

for approximately two hours. The flask was then cooled

using an ice bath, and 1,3-dibromopropane (0.5 mole, 101 g)

was added dropwise into the reaction mixture. The result-

ing mixture was then stirred for an additional hour at room

temperature. Precipitated NaBr was removed by filtration.

Ethanol was then removed from the filtrate under vacuum and

the residue DTN (liquid) was then purified by distillation

under nitrogen at reduced pressure (b.p. 104*C/20 torr).

A- (2, 2,8 ,8-tetramethyl-3,7-dithianonane) decacarbonyl-

ditungsten(O) ((DTN)W2 (CO) 1 0 ): Ten grams of W(CO) 6 was

added to 400 ml THF. The reaction mixture was photolysed

for 2 hours under nitrogen employing a Hanovia 450-W medium

pressure UV lamp in an immersion reactor. The concentra-

tion of (THF)W(CO) 5 was checked by monitoring IR spectrum

--1 -l
of 2070 cm and 1940 cm until those absorbances reached

their maximum values. Three grams of DTN were added and

the mixture was photolysed again (10 min). The reaction
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mixture was cooled in the freezer. The yellow-green

product precipitated from the solution was collected by

filtration and (DTN)W2 (CO)1 0 was recrystallized from

n-hexane.

The carbonyl stretching spectrum of (DTN)W2 (CO)1 0 in

C 2 H 4 Cl2 exhibited bands 2070 cm- (s) and 1940 cm~ (vs)

which indicate the W(CO) 5 moiety. The NMR spectra of DTN,

(DTN)W(CO) 4 and (DTN)W2 (CO) 1 0 were compared. The methylene

group bound to a sulfur atom which is bound to a tungsten

atom exhibits a slight downfield chemical shift relative to

a methylene group attached to a sulfur not bonded to a

metal. The NMR spectra of (DTN)W(CO) 4 and (DTN) W2 (CO) 1 0

showed identical shifts, which indicates that (DTN)W2 (CO)1 0

was a bridged compound. Anal. Calcd. for C H 0 S W21 24 10 2 2

C, 29.04; H, 2.77. Found: C, 29.48; H, 3.08. These data

also indicate that (DTN)W2 (CO)10 is a bridged compound.

Rate Determination

The reaction rates were determined by measuring the

absorbance of substrate on a Beckman DU-2 direct reading

spectrophotometer. For every kinetics run, a 100-ml volu-

metric flask was fitted with a stopcock and a rubber septum

to permit sampling without contamination of the reaction

solution by air. The flask was then charged with a small

amount of substrate (1 x 10 mole). A second flask

(50 ml) was charged with a measured amount of ligand,
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triisopropyl phosphite, and filled to approximately 40 ml

with the solvent 1,2-dichloroethane. Both flasks were

placed in a constant-temperature water bath equipped with

a Haake Model R21 constant circulator. The temperature was

allowed to equilibrate and the solvent-ligand flask was

then filled to 50 ml with solvent. The 50 ml of solvent-

ligand solution was then added to the substrate flask. The

flask was purged with nitrogen and shaken to ensure com-

plete dissolution of the substrate. Five minutes were al-

lowed to ensure thermal equilibrium before the first sample

was withdrawn by using a glass syringe and ten inch needle.

Three ml of nitrogen were injected into the reaction vessel

before each sample was withdrawn at different time inter-

vals. Each sample was analyzed immediately, using the

spectrophotometer.

Each reaction was monitored using a 1-cm pyrex cell at

425 nm over three half lives. The absorbance range was

about 0.9 to 0.09 absorbance units. A result is shown in

Figure 8. From the plot it can be seen that the reaction

is stepwise and follows pseudo-first order kinetics. The

ligand concentration is in excess, 20-fold or greater than

the substrate concentration. The absorbance value of A

was measured by withdrawing a sample after ten half-lives.

Since the value of A was very close to that of the

solvent-ligand blank (Abl),. Abl, instead of Am was used in

the plot of ln(At-A.) versus time. The plot of ln(At-Abl)
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versus time resulted in a plot with two linear portions

meeting at about 0.4 absorbance units (Figure 8). In order

to ensure an accurate calculation of the rate constants,

the sampling was chosen in such a way as to have six

samplings above 0.5 and six below 0.3 absorbance units.

Carbon Monoxide Exchange with (DTN)W(CO) 4 and (DTN)W2 (CO) 1 0

The apparatus for studying the exchange between car-

bon monoxide and the metal carbonyl complex is shown in

Figure 9. The circulatory pump provided complete circula-

tion as well as agitation of the solution by means of the

gas bubbling through the reaction vessel, which was placed

in a constant-temperature water bath maintained at 55.0

0.05*C. (DTN)W2(CO)1 0 or (DTN)W(CO)4 was weighed and trans-

ferred into the delivery flask. Solvent was then added to

the reaction vessel.

Nitrogen was circulated through the system for a

short period of time and then was released. This process

minimized the air in the whole system. Carbon monoxide

was then added into the system and circulated for 20

minutes. (:DTN)W2 (CO)1 0 or (DTN)W(CO)4 was then mixed with

the solvent saturated with CO. Samples were withdrawn at

different time intervals. A pair of sodium chloride cells

with 0.2 mm lead spacers was used to monitor the absor-

bance of W(CO)6 by using a Perkin-Elmer 621 grating

spec trophotometer.
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The color of the (DTN)W2 (CO)10 solution was yellow and

slowly became colorless during the course of the re-

action. The absorbances of W(CO) 6 at 1980 cm 1 increased

gradually during the reaction.

In order to determine whether the reaction of

(DTN)W(CO)5 proceeded through a step of DTN ring closure

and subsequent CO displacement, (DTN)W(CO) 4 was reacted

with CO. Since there was no change in the solution color

and infrared spectrum of the reaction mixture of

(DTN)W(CO) 4 and CO, the possibility of a reaction of

(DTN)W(CO) 5in which there is ring closure was eliminated.



CHAPTER III

RESULTS

The product, (L)W(CO) 5 , of this reaction was identi-

fied by monitoring the carbonyl stretching spectrum, which

was similar to those of (L)W(CO)5 complexes prepared and

characterized independently (1-3).

Typical absorbance-time data for the reaction of

(DTN)W2 (CO)1 0 with triisopropyl phosphite are shown in

Figure 8. The absorbance decreased rapidly and linearly

from time 0 to time 1200 sec, then decreased slowly and

still linearly from time 1200 sec to time 3600 sec. These

results suggest that the reaction of (DTN)W2(CO)10 with

triisopropyl phosphite is a pseudo-first-order stepwise

reaction.

The reaction of (DTN)W2 (CO)1 0 with triisopropyl phos-

phite was carried out at various temperatures and ligand

concentrations. The solvent used was 1,2-dichloroethane.

Values of kobsd for step 1 and step 2 of the reaction are

listed in Table I. The kinetic data showed that both in-

creasing temperature and increasing ligand concentration

resulted in increasing both step 1 and step 2 kobsd values.

Figure 10 and 11 graphically summarize Table I. The

kinetic results indicate that the rates of the reaction are

23
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TABLE I

RATES OF REACTION OF (DTN)W2(CO)10 WITH TRIISOPROPYL
PHOSPHITE LIGAND IN 1,2-DICHLOROETHANE

Temperature Ligand Concj kobsd(step 1) kobsd(step 2)

OK moles/liter x 104 sec. {_ x 104 sec.'

323

328

333

338

0.057
0.213
0.430
0.633
0.887
0.053
0.099
0.192
0.403
0.577
0.802
0.974
0.055
0.114
0.204
0.299
0.389
0.494
0.697
0.865
0.981
1.057
0.052
0.097
0.203
0.410
0.600
0.781
0.987

0.762
0.801
0.956
1.06
1.18
1.38
1.43
1.49
1.74
1.93
2.17
2.31
2.08
2.24
2.41
2.54
2.66
2.88
3.09
3.45
3.658
3.77
4.11
4.32
4.44
5.03
5.30
5.65
6.22

0.386
0.524
0.552
0.564
0.576
0.668
0.849
0.964
1.08
1.12
1.14
1.15
1.19
1.46
1.63
1.70
1.69
1.701
1.704
1.705
1.74
1.745
2.18
2.63
3.03
3.22
3.30
3.33
3.35

_______I___________I___________I _____________________________________
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dependent on both substrate and ligand concentration. The

plots of kobsd values of step 1 versus ligand concentration

show linear behavior. Because of this result, it may be

inferred that there are two competitive pathways for the

dissociation of (DTN)W(CO)5 from (DTN).W2 (CO)1 0 . One is a

dissociative pathway (ligand independent), the other is an

associative pathway (ligand dependent), following the

equation

-d[substrate]/dt = (kld + kla[ligand])[substrate].

In a pseudo-first-order reaction,

-d[substrate]/dt = kobsd [substrate]

and, kobsd = kld + kla[ligand].

Therefore, kld can be calculated from the intercept and

kla from the slope of the line in the plot of kobsd versus

ligand concentration. For the plot of step 2, plots of

k obsdvalues versus ligand concentration exhibited non-

linear behavior, as shown in Figure 11. However, the cor-

responding reciprocal plots of I/kobsd versus 1/[L] were

linear as shown in Figure 12. Combining the data in

Figure 11 and Figure 12, we expect that the.mechanism of

step 2 may follow a dissociative and reversible pathway as

shown in Figure 15. Following this mechanism, we can de-

rive the rate law of step 2 as the following equation:
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-d[(DTN)W(CO) 5 ] /dt = k2dk3 [(DTN)W (CO) 51 [ligand]

k-2 [DTN] + k3 [ligand'

So: kobsd =k2d k3 [ligandI/(k-2 [DTN] + k3 [ligand])

and, k- k 2 [DTNI + 1

kobsd k2dk3[L] k2 d

Therefore, k2 d can be evaluated from the intercept in the

plot of l/kobsd versus 1/[L]. From the above data, we can

also calculate the rate constants kla' kld. The values of

these rate constants at different temperatures are sum-

marized in Table II. Here, kld and k2 d are the dissocia-

tive rate constants for steps 1 and 2 respectively.

A plot of ln(k/T) versus l/T, an Eyring plot, is

shown in Figure 13. The linear behavior of this plot

represents the experimental values of rate constant, kla'

k ld and k2d as a function of temperature.

Over a sufficiently narrow range of temperature, AH

is a constant (4). AH* can be calculated by using the mean

value of the individual activation enthalpy from successive

pairs of values of k and T:

k" k'
R~ln n -ln ,)

individual 1
T' T"

The value of ASt- is calculated by the Eyring equation.
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(DTN)W2 (CO)10 with triisopropyl phosphite at different
temperature in 1,2-dichloroethane.

17.0

16.5

16.0

1550

LaJ

vI)

4-

15,6OjV

*1/d
/l

1495

14*0

1-3,5
I I

-F

I I I I I



31

TABLE II

RATE CONSTANTS FOR REACTION OF (DTN)W2 (CO) 1 0 WITH
TRIISOPROPYL PHOSPHITE IN 1,2-DICHLOROETHANE

Temperature kla k d k2d
OK x 104 sec~ x 104 sec-1 x 104 sec~

323 0.818 0.73 0.575

328 1.01 1.33 1.14

333 1.64 2.05 1.7

338 2.25 4.0 3.35

TABLE III

ACTIVATION PARAMETERS FOR REACTION OF (DTN)W2(CO)lO
WITH TRIISOPROPYL PHOSPHITE IN 1, 2-DICHLOROETHANE

Rate AH AS

Constant kcal/mole e.u.

kla 14.54 4.04 -32.52 12.27

kld 23.49 3.68 -4.97 11.06

k2d 23.96 4.4 -3.89 13.51
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RT (AS*H
K R 

exp( (RT

and AS* for the rate constants in Table II are sum-

marized in Table III.
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CHAPTER IV

DISCUSSION AND CONCLUSION

From the typical absorbance-time data, we can con-

clude that the substitution reaction of (DTN)W2 (CO)1 0 with

triisopropyl phosphite is a stepwise reaction. Since the

plot of kobsd versus ligand concentration for step 1 is

linear, the rate law is expected to follow the equation

-d[substrate]/dt = kld[substrate] + kla[substrate][L].

The mechanism of step 2 is more complex than step 1, be-

cause the plot of kobsd versus ligand concentration

resembles a hyperbolic curve. There are two alternate

mechanisms to explain the step 2 pathway. The first one

is ring closure with subsequent ring reopening, as shown in

Figure 14. The second one is dissociation of the compound

(DTN)W(CO)5 unimolecularly into the species W(CO)5 and

(DTN). The intermediate W(CO)5 then combines with DTN to

form (DTN)W(CO)5 or reacts with triisopropyl phosphite to

form the product, as shown in Figure 15.

If the first mechanism is true, then the reaction of

carbon monoxide with (DTN)W2 (CO)1 0 and (DTN)W(CO)4 would

produce the same products. The reaction of (DTN)W2 (CO)1 0

results in the products DTN and W(CO). However,

(DTN)W(CO)4 does not react with CO. In addition, the

34
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product of the reaction of (DTN)W2 (CO)1 0 with triisopropyl

phosphite is a monosubstituted complex; it is not a disub-

stituted complex. The first mechanism thus was ruled out.

The following data support the step 2 pathway in

which the second mechanism is followed.

1. The rate law derived from the second mechanism follows

the equation:

k2dk3 [(DTN)W(CO) 5 ] [ligand]

C5 / k-2[DTN] + k3 [ligand]

So, kobsd = k2dk3 [ligand]/k- 2[DTNI + k3 [ligand]

1 k-2[DTN] 1
and' k k k2Ld+

obsd k2 dk3 [L] + k2d

This equation is consistent with the data shown in

Figure 12, in which the plot of 1/kobsd versus 1/[L] is

linear.

2. When k3 [L]}}k-2 [DTNI, the rate law simplifies to

-d[(DTN)W(CO) 5 ]dt = k2 d [(DTN)W(CO) 5 ].

This simplified equation is consistent with the data shown

in Figure 11, in which kobsd is nearly constant at high

ligand concentrations. For step 2 it is obvious that the

second mechanism fits the curved plot of k obsd versus

ligand concentration and the linear plot of 1/kobsd versus

1/[L] very well.
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From equation (1), 1/kobsd versus 1/[L] results in a

linear plot of slope (1/k2d x k-2 [DTN]/k3 ) and intercept

(1/k2 d). Therefore,

slope k-2[DTN]

intercept k3 0.025 0.028 M.

Since the maximum concentration of DTN is about 2 x 10-3

molar, the value of the competition ratio k-2 /k3 is about

12.5 - 14. Covey and Brown (1) conducted a study involving

the piperidine substitution of Mo(CO)5 (C5 H1 1N) complexes

with the ligands P(OCH3 ), P(C6 H5 )3 , and As(C6 H5 )3 . These

reactions resulted in competition ratios which were all

near unity. My kinetic data resembles Wawersik and

Basolo's data (2). They conducted studies for the reaction

of the Mn2 (CO)8 (P(C6 H5)3 )2 complex with the ligands

P(OC6 H5 )3 and P(n-C4H9 )3 . The competition ratio for

P(OC6 H5 )3 and P(n-C4 H9 )3 was 8.3 and ~180 respectively. A

solvent cage mechanism was among those proposed to explain

the kinetic data, but they thought it seemed very unlikely.

The AS* of a dissociative reaction is expected to be

positive. In these data the As was -4.97 11.06 e.u. and

-3.89 13.5 e.u. for kld and k2 d respectively. Similar

results were also published in another study, in which the

AS4 of a dissociative reaction of (C6H5NH2)W(CO)5 and

(C6 H5)3SbW(CO)5 were -6.4 e.u. and -4.8 e.u. respec-

tively (3).
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The W-S bond energies in the first and second dis-

sociative step are about equal. The dissociative rate

constant of the first step, kld, is about 1.2 times that

of the second step, k2 d. This may be a result of the

following:

Steric effect--The first departing group ((DTN)W(CO)5 )

is more bulky than the second departing group (DTN).

Charge repulsion--The two sulfur atoms which may

carry a partial positive charge are closer together in the

(DTN)W2 (CO)1 0 complex than in the (DTN)W(CO)5 complex.

Stoichiometric effect--The triisopropyl phosphite can

displace W(CO) 5 in (DTN)W2 (CO)1 0 by breaking either of the

W-S bonds in step 1, for step 2 there is only one W-S bond

to break in (DTN)W(CO)
5 '

All of the reasons above favor step 1. FromNSt

values in Table III the entropy effect for the whole system

favors step 2; however, because of the error limits, we

cannot tell precisely. Overall, the dissociation of

(DTN)W(CO)5 from (DTN)W2 (CO)1 0 is favored over the dis-

sociation of DTN from (DTN)W(CO)5 '
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