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Abstract 

The influence of the terminal ligands on the electronic structure and stability of 
the hydrogen bond between metal atoms has been characterized on the basis of the 
molecular orbital calculations by use of the parameter-free Fenske-Hall and EHT 
methods for phosphine- and carbonyl-molybdenum dimers. The electronic struc- 

H 
tures of [(PH,),Mo, , ’ ‘Mo(PH,),]‘+ 

/HA 
and H(PH,),Mo, ,Mo (PH,),H are 

discussed and comoare! with the electronic structure of 
H 

I 

[(CO),MO~~;M~(C~),]~-~ 
w 

The role &yed by the 3d AO’s of the phosphorous atoms in the formation of the 
terminal (PH,)-MO bonds is described. 

Introduction 

In our previous paper [l] we discussed the electronic structure of the car- 
bony1 binuclear molybdenum complex with double hydrogen bridge 

[(C~,,MO~~;MO(CO),]~-. Molybdenum also forms the phosphine dimer with 
H 

lH\ 
the same bridge viz. H(PMe,), MO, , Mo(PMe,),H [2]. The molecular structure 

u 
of this complex is interesting in sevdial respects. Phosphine groups are the donors 

* For part III, see ref. 6. 

0022-328X/89/$03.50 0 1989 Elsevier Sequoia S.A. 
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’ 
H 

Fig. 1. Molecular structure of [(CO),Mo, 
/H\ 

H 
\Mo(CO),]‘-, [(PH&,Mo, , 

H 
,Mo(PH,),12+ and 

H /\ 
WPH,), MO, , Mo(PH,),H as assumed for the calculations. 

H 

i.e. they have a different character than the CO groups which are the terminal 
ligands in the complexes discussed earlier [1,2]. The very short MO-MO distance, 
equal to 2.19& is well ‘within the region of values characteristic for the quadruply 
bonded molybdenum atoms [2]. The asymmetry of the double hydrogen bridge 

Mo/ H\ 
\ HMO 

has been revealed by an X-ray diffraction study [2]. The important 

feature?f this complex is that there are two terminal hydrogen atoms. Thus, we can 
compare the character and stability of the bridge MO-H-MO and terminal MO-H 
bonds. 

Fig. 2. Symmetric and asymmetric hydrogen bridge core for phosphine dimer of molybdenum: (a) 
Md-HB- MoZ-HB=1.61 A, (b) Md-HBc1.61, MoZ-HB=1.43 A. 
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We carried out the molecular orbital calculations by means of the parameter-free 
H 

Fenske-Hall and by empirical EHT methods for [(PH3)4Mo, ’ ‘Mo(PH,),]‘+ 
H 

, 

HH\ /HL 
with symmetric MO 

‘H’ 
MO and asymmetricMo 

‘H 
AMo bridges (Fig. 1) as 

AH\ 
well as for H(PH,),Mo, Mo(PH,),H and compared our results with the 

H 
, 

AH\ 
electronic structure of [(CO),Mo, MO (CO),] *- discussed in detail previously 

(Fig. 2). 
H 

, 

The coordinate systems on the atoms assumed for calculations for studied 
phosphine complexes are presented in Fig. 3. The structural parameters for the 
calculations were assumed on the basis of the crystallographic structure for 

HH\ 
HPMe, MO, , MoPMe,H [2]. We have assumed that the MO-PH, bonds have 

the same len$hs for the PH, groups perpendicular to the bridge plane ((PH&r) as 
the PH, groups in the bridge plane ((PH3)n). The bond lengths used by us for the 
calculations were: MO-MO = 2.19, MO-P, = MO-P,, = 2.43, MO-HB = 1.61 A for 
the symmetric bridge and Md-HB = 1.43, M&-HB = 1.61 A for the asymmetric 
bridge (HB = bridge hydrogen atom), MO-H= = 1.82 A (HT = terminal hydrogen 
atom) and the angles were: MO-HB-MO = 92, PI-M-PI = 180, PII-M-Pu = 90 and 
P,-M-H= = 90 O. Suitably optimized functions of the following types: Is, 2s, 
2P, - - *, 4d, Ss, 5d of the MO atoms, the Is, 2s, 2p, 3s, 3p of the P atoms, and 1s of 
the H atoms were applied on the calculations carried out by use of the Fenske-Hall 
method ]3]. The atomic valence base for the EHT calculations [4] contained the 
following functions: 4d, 5s, 5p for the MO atoms and 3s, 3p, 3d for the P atoms 
and 1s for the H atoms. 

Fig. 3. Coordinate systems assumed in calculations for [(PH3)4M< 
H 

‘Mo(PH,)J2+. 

H’ 



72 

Results and discussion 

The filled energy levels of [(PH3)4M< 
H 

\Mo(PH,),12+ 
H/ 

with symmet- 

AH\ 
tic MO 

‘H’ 
MO bridge, calculated by use of Fenske-HalI method, can be classed 

as follows : 

(1) 

(2) 
(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
(9) 

from - 38.88 to - 25.09 eV, levels which correspond to MO’s of PH, groups or 
the PH,-4d,z_,,~Mo bonding interactions, 
- 24.85 eV energy level (3b,,) of the MO-H-MO bridge bond character, 
from - 24.28 to - 23.10 eV, levels which correspond to MO’s of PH, groups or 
to PH,-4d,2_,2 interactions, 
- 22.41 and -22.08 eV energy levels (4b,, and 6a, respectively) of the 
MO-H-MO bridge bond character, 
- 20.85, - 20.73 and - 20.52 eV energy levels (5b,,, 363g and 4b,, respectively), 
which correspond to PH,-4d,+,,2 MO, PH,-Sp,,Mo and PH,-4d,,Mo bonding 
interactions, 
- 19.90 and -19.46 eV levels (54, and 7ag) of the Mo-H-MO bridge bond 
character, 
from - 16.59 to - 12.51 eV energy levels which correspond mainly to metal- 
metal interaction (8a,, 5b,,, 3b,,, 3a,), 
- 12.24 eV nonbonding level (4b,,) exclusively of (PH3), character, 
- 11.91 eV HOMO level (4b,,) which correspond to PH,-dMo interaction. 

The highest of these levels are presented in Table 1 and in Fig. 4. The group of 
the lowest unfilled energy levels corresponds mainly to the metal-metal interactions 
(Table 1). Of the four filled energy levels having mainly metal A0 character, only 
the 8a, and 5b,, levels provide the bonding contributions to the direct metal-metal 
bond. The 8a, level corresponds to the ad-ad bonding interaction and 5b,, 
corresponds to the dn-dv bonding interactions, But the ad--6d bonding level 
(3b,,) corresponds to the Gd-Sd antibonding level (3a,). Thus these two leveis do 
not contribute to the direct metal-metal bond (Fig. 5). Taking into account that 
bridge energy level 36,,(43% 4d,,Mo) also corresponds to M-M bonding interac- 
tion we can roughly assume that M-M bond order is only slightly greater than two 
(in spite of the short distance between metal atoms, suggesting quadruply bonded 
metal atoms [2]). The occurence of a large direct bonding interaction between the 

metal atoms in [(PH,),M< 
H 

IMo(PH&] *+ also appears in the M-M overlap 

population if 0.200 (Table I-!2 )_ It is noteworthy that in the carbonyl dimer 

[(CO), M< >Mo(CO),]‘- the bonding interaction between the metal atoms is 

exclusively t E ough the double hydrogen bridge, which results in the M-M overlap 
population that is close to zero [2]. 

Last two filled energy levels in [(PH&M< 
H 

! 

lMo(PH,),]*+ (4&s, 4b,,) have 

mainly the character of phosphine groups whit are perpendicular to bridge plane 



T
ab

le
 

1 

H
 

E
ne

rg
ie

s 
an

d 
co

m
po

si
tio

ns
 

of
 

th
e 

hi
gh

es
t 

oc
cu

pi
ed

 
m

ol
ec

ul
ar

 
en

er
gy

 
le

ve
ls

 
of

 
[(

PH
3)

4M
o,

 J 
‘M

o(
PH

3)
J2

+
 

, 
w

ith
 

sy
m

m
et

ri
c 

do
ub

le
 

hy
dr

og
en

 
br

id
ge

 
an

d 
D

Z
h 

H
 

sy
m

m
et

ry
 

ca
lc

ul
at

ed
 

by
 u

se
 o

f 
th

e 
Fe

ns
ke

-H
al

l 
m

et
ho

d 

M
O

 
G

re
at

es
t 

co
nt

ri
bu

tio
ns

 
by

 v
al

en
ce

 
at

om
ic

 
or

bi
ta

ls
 

(4
6)

 

%
, 

- 
5.

22
 

4d
,,M

o 
57

 
5d

,,M
o 

56
3,

 
- 

8.
20

 
4d

Jv
lo

 
88

 
Sd

,,,
M

o 
6b

,,L
U

M
O

 
- 

11
.2

8 
4d

,r
M

o 
39

 
4d

+
aM

o 
4b

1,
H

O
M

0 
- 

11
.9

1 
sH

1 
44

 
4d

,,M
o 

4&
a 

- 
12

.2
4 

SW
 

64
 

P
yh

 

3c
, 

- 
12

.5
1 

4d
,,M

o 
94

 
PH

I 

36
1,

 
- 

14
.1

6 
4d

,,M
o 

77
 

#H
I 

5b
,, 

- 
15

.8
3 

4d
,..

M
o 

96
 

PH
I 

8a
* 

- 
16

.5
9 

4d
,z

M
o 

72
 

SH
B

 

4d
,z

_,
rM

o 

7%
 

- 
19

.4
8 

25
 

P
A

 

56
,”

 
- 

19
.9

0 
PY

PI
I 

30
 

P,
PI

I 

46
2,

 
- 

20
.5

2 
P

Y
P

II
 

43
 

P
A

1
 

3&
a 

- 
20

.7
3 

P
A

 
60

 
pv

M
o 

56
1,

 
- 

20
.8

5 
P

Y
P

II
 

32
 

P
A

1
 

6%
 

- 
22

.0
8 

SH
B

 
40

 
P,

 
P

II 
46

3,
 

- 
22

.4
1 

aH
11

 
38

 
P
yh

I 

39
, 

- 
23

.1
0 

sH
n 

36
 

P
A

1
 

4b
,, 

- 
23

.1
8 

P
A

 
42

 

3b
,, 

4d
,+

zM
o 

- 
23

.5
9 

P
Z

P
II

 
32

 
S
H

II
 

5a
* 

- 
23

.7
9 

P
Z

P
II

 
31

 
S
&

I 

46
2,

 
- 

24
.2

8 
P
A

 
54

 
sI

-4
 

36
3,

 
- 

24
.8

5 
4d

,,M
o 

43
 

sH
B

 

2a
, 

- 
25

.0
9 

P
X

P
I 

44
 

sI
-4

 

15
 3 

25
 

17
 

16
 3 12
 1 15
 

19
 

29
 

22
 

18
 

25
 

24
 

2s
 

32
 

11
 

31
 

31
 

16
 

38
 

47
 

S
H

I 
12

 
P

y P
I1

 
9 

P
Z

P
 

3 
~4

 
2 

P
&

O
 

13
 

4
 

12
 

P
y P

I 
13

 
4d

,h
io

 
10

 

S
PI

 
8 

P
X

P
I 

6 

P
X

P
I 

4 
&

PI
 

sH
B

 
5 

P
I&

l 

P
y P

I1
 

16
 

~
$0

 
sH

B
 

14
 

S
P
II

 

S
&

I 
12

 
4d

,,M
o 

$
8
 

11
 

PH
I 

4d
,z

_,
zM

o 
15

 
S

P
II

 

~H
II

 
11

 

SH
B

 

4d
,z

_,
zM

o 

14
 

P
Z

P
II

 

P
y P

I1
 

16
 

S
&

I 

S
&

I 
11

 
P
Z

P
II

 

Py
 P

I1
 

18
 

P
Z

P
II

 

P
y P

I1
 

19
 

sH
B

 

S
C

 
11

 
P

X
P

 
P
A

1
 

15
 

~4
, 

P
A

 
4 

P
y P

I 

2 2 13
 

12
 

10
 8 10
 9 11
 5 10
 

7 5 11
 7 1 

H
B

 =
 b

ri
dg

e 
hy

dr
og

en
 

at
om

, 
H

I 
=

 h
yd

ro
ge

n 
at

om
 

of
 

th
e 

PH
., 

gr
ou

p 
pe

rp
en

di
cu

la
r 

to
 

br
id

ge
 

pl
an

e,
 

H
 ,,

 =
 h

yd
ro

ge
n 

at
om

 
of

 
PH

I 
gr

ou
p 

in
 

br
id

ge
 

pl
an

e,
 

PI
 =

 p
ho

sp
ho

ro
us

 
at

om
 

pe
rp

en
di

cu
la

r 
to

 t
he

 b
ri

dg
e 

pl
an

e,
 

P 
II

 =
 p

ho
sp

ho
ro

us
 

at
om

 
in

 t
he

 b
ri

dg
e 

pl
an

e.
 

d 



3bq 

h& - 
5blu 
709 

~'HB - %, bH - 8 6% 
*zg 1 4bzg a9 ~7h.t ) 5bg 
6*9 %u rsns - sau 
3h, lSH6 - 4”s 

4’+* 
4au 
6bu 

2au 1s~~ - 609 

/H\ 
Fig. 4. Correlation of the molecular energy levels of [(PH,),Mo, ,Mo(PH,),lZC and 

H 
’ 

H 

WPH,), MO, \Mo(PH,),H calculated by use of Fenske-Hall method. 
H 

/ 

((PH,),). The replaceyt of the two (PH,), groups with H- anions after transi- 

’ tion to H(PH,),My lMo(PH,),H changes the 4b% and 46,, levels into two 

MO-HT interaction le%s, which are in an energy region between the MO-H-MO 

Fig. 5. Filled molecular energy levels corresponding mainly to metal-metal interactions. 
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Table 2a. Mull&en overlap populations 

Compound 

Calculated by Fenske -Hall method a 

Overlap populations 

M-M M-H* M-Lt M-LII M-H 

H 

KPH,), Mo, ’ ‘Mo(PH,),]~+ (s, a) 0.222 
H 

, 

I(C%M< 

H 

‘Mo(CO)412- (4 
H’ 

- 0.008 

IW%,M< 

H 

‘MWV412- W PI 
H’ 

Calculated by EHT method b 

[(PH,),M<H;Mo(PH314]2+ (s) 
H 

0.023 

0.301 

’ 
H 

H(PH,)s MQ, ‘Mo(PH~)~H (s) 
H’ 

0.363 

I(CO),M< 
H 

;Mwo)412- 111 0.066 
H 

0.157 0.239 0.156 

0.118 0.400 0.381 

0.147 0.418 0.395 

0.324 0.694 0.616 

0.330 0.751 0.781 0.404 

0.301 0.839 0.839 

L, = terminal hgand in perpendicular plane to hydrogen bridge, Lt, = terminal l&and in hydrogen bridge 
plane, H* = bridge hydrogen atom, HT = terminal hydrogen atom, s = symmetric hydrogen bridge, 
a = calculated with inclusion of 5d AO’s of MO, b = caiculated without inclusion of 5 AO’s of MO. 
a Without inclusion of 3d Ao’s of P. b With inclusion of 3d Ao’s of P. 

Table 2b. Mull&n atomic charges 

Compound 

Calculated by Fenske-HaN method a 

[(PH,)4M~H~Mo(PH,)41z+ 6, a) 
H 

IU334 My AH’MO(CO)4]2- (a) 
H’ 

W.334 MQ, HH’Mo(C0)4]2- (b) 
H’ 

Calculated by EHT method ’ 

MPH,),M~H,Mo(PH,),12+ (~1 
H’ 

H(PH,)IM<~;M~(PH,),H (s) 
H 

KC014M<H;WCo),ll- WI 
H 

Atomic charges 

M Ha 

0.374 - 0.431 

- 1.243 0.488 

0.746 - 0.331 

- 1.554 0.223 

1.216 - 0.243 

1.319 - 0.330 

Ll Ln H’ 

0.304 0.230 

- 0.405 - 0.474 

-0.316 - 0.391 

- 0.123 - 0.037 

-0.176 - 0.033 - 0.286 

-0.609 -0.604 

’ Without inclusion of 3d AO’s of P. ’ With inclusion of 3d Ao’s of P. 
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Table 3 

H 
Atomic charges and overlap populations for [(PH3),Mo, ’ ‘Mo(PH9)J2+ with symmetric and 
asymmetric bridge calculated by use Fen&e-Hall method H 

, 

Bridge core M Ha (PHj), (PH,k 

AHA 
MO, MO 0.374 - 0.431 0.304 0.230 

H’ 

MO/~\ 0.421 - 0.423 0.297 a b 
\H/Mo 

0.190 0.233 

M-M M-H, M-P, M-P,, 

H, 
MO: ,Mo 

H 
0.222 0.157 0.239 0.156 

0.193 0.063 = 0.237 0.154 a 
0.256 ’ 0.149 b 

u Position cis to shorter MO-H, bond. b Position tram to shorter MO-HB bond. 

and MO-MO levels (Fig. 4). As a result of this energy level exchange, the energy 
level showing M-M interaction becomes the HOMO level. The difference between 
HOMO andH LUMO energy levels increasesHsignificantly on going from 

](PH&i MQ, ’ ~h40(PH3),12+ to H(PH,),M< ’ 
H’ 

Mo(PH,),H indicating that 

the stability o the latter complex is higher. T 

‘H, 
H(PH,), MQ, 

H’ 
Mo(PH,),H is the model system for H(PMe,),- 

MCH\ ,Mo(PMe,),H in which asymmetry of the double hydrogen bridge exists. 

This c!nsideration was included in our ca$rlations but we cannot say which double 

hydrogen bridge, the symmetric, ’ MT ‘MO, or asymmetric, M ’ H\ 

H’ \ 
Mo, is 

B 

/ 

the more stable because the energy difference between appropriate leve s for both 
complexes are well within the error margin of the calculations (O.OleV). As one can 

see from Table 3 the transition from 
‘H\ /H 

M 
\H’ 

MotoM ‘MohasnO 
\ 

H’ 
significant influence on the charge localized on the bridge hydrogen atoms. 

Some similarityHbetween the electronic charge distribution for the 

bridge core M< ~Mo 
‘H, 

in [(CO),MQ, Mo(CO),]*- and [(PH,),- 
H H’ 
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H 

Mo\ / 
’ ‘Mo(PH,),]‘+ despite the differing MO-MO distances, formal charges on 

the mzal atoms, and terminal ligands in the complexes can be seen in Table 2. The 
negative charge on bridging hydrogen atom (HB) and MO-HB overlap population in 

KPH,),Mo~H;Mo(PH,),]z+ are very close to the relevant values in 
H 

[(CO),MoYHA , /Mo(C0),12-. By contrast, the positive charge on the molybdenum 
H 

atom is significantly lower in the carbonyl dimer than in the phosphine dimer 
because of the differing terminal ligands in the molybdenum dimers. The carbonyl 
groups accept electronic density from the 4d AO’s of MO as reflected in their 
negative charges, and the phosphine groups donate electronic density to 4d AO’s of 
MO, hence their positive charge. 

In order elucidate the role of the phosphorous 3d AO’s in maintaining 
the MO-PH, bond we calculated by EHT the electronic structures of 

](PH~)J~~o~~;M~(PH,),]~+ 
HH\ 

and H(PH,),Mo, , Mo(PH,),H taking into 

accoun& theseHAO’s (Tables 4, 5). The ele$ronic ch!r-ge distributions for [(PH3)4 

Mo\ / 
’ ‘Mo(PI-QJ2+ and [(CO),Mol ; Mo(CO),]‘- were found to become 

H H 
more similar (Table 6). The positive charge on molybdenum atoms is 1,554 in the 
phosphine dimer and 1.319 in the carbonyl dimer. The PH, groups have the 
negative charges, as do the CO groups. Thus the PH, groups show some acceptor 
character, which is reflected in the significant participation of 3d GO’s of the P 
atoms in maintaining the terminal MO-PH, bonds. The energy level diagrams for 

[(PH~)~Mo=~;M~(PH,),]‘+ calculated by use of the two methods are similar 

(Fig. 4 and F?g. 6). The AOs of the bridging hydrogen atoms are delocalized and 
make up five occupied molecular levels. The nonbonding PH,, and bonding 
MO-PH, levels which are made up exclusively of the 3p AO’s of P, lie in the same 
energy range as the bridge levels. The differences lie in the composition of the 
highest occupied levels, which have MO 4d A0 characters to about 90%, if we 
disregard the 3d AO’s of P in the calculations. If the 3d P AOs are taken into 
consideration these levels then correspond to the interactions of the filled 4d AO’s 
of MO atoms with unfilled orbitals of terminal ligands (4d Mo + 3d P) and therefore 
have the same character as the highest occupied energy levels in 

](CO)&jH; Mo(CO),]‘- (4dMo + n”C0). It is of interest to note how the 
H 

electronic charge distribution changes after replacement of the two (PH3)i groups 
with two H- anions. We have stated that the negative charge on the bridging 
hydrogen atoms an: the MO-HB overlap population chgges slightly after on going 

from [(PI+), Mo, , ’ ‘Mo(PH3)J2+ to H(PI-V, Mo, ’ ‘Mo(PH,),H (Table 6). , 
H H 



LlJHl? - .-Sb,,, ___----- - - -MY0 fObK 

Fig. 6. Correlation of the mokcular energy levels of [(PH3),Moc 
H 

H 
;Mo(PI$)~]‘” 

H(PH&M< ;Mo(PH3),H calculated by use of the EHT method. 
H 

H 

and 

However, the changes of the charge on metal atoms and PH, groups are larger. The 
positive charge on the metal atoms decrease from 1.554 to 1.216 and the negative 
charge on the PH, groups increases from -0.123 to -0.176 for (PH3)I and 
increase from -0.037 to -0.333 for (PH3&. Thus the electronic density was 
partially shifted from the terminal H- anions via the 46 metal atom AO’s onto the 
3d AO’s of the P atoms. The MO-PH, overlap ~p~ation is aIso slightly ixxreased. 
These two facts indicate that the MO-PH, bonds are stronger in 

’ 
H 

HG’H,), MO, A char- 
H 

‘Mo(PH,),H than in [(PH,),Mo, , /H~Mo(PH3),]2+. 
H 

, 
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Fig. 7. Comparison of the electronic structure of the carbonyl and phosphine dirners of MO with double 
hydrogen bridge: a) on the basis of the calculations by use of the Fenske-Hall method b) on the basis of 
the calculations by use of the EHT method. 

acteristic feature of the MO-H-MO bridge bond in all complexes of molybdenum 
studied by us up to now is its partial ionic character. 

The terminal MO-H bond has the same character as the MO-H-MO bridge bond 

HH\ 
in H(PH,),Mo, , Mo(PH,),H because of the negative charge on the terminal 

H 
hydrogen atom. This negative charge is -0.286 compared with - 0.246 for the 
bridge hydrogen atom. The covalencies of the MO-H and MO-H-MO bonds are 
also similar, because the MO-H overlap population for terminal hydrogen atoms 
(0.404) is only slightly higher than the MO-H overlap population for the bridge 
hydrogen atoms (0.363). 

However, the energy levels corresponding to the terminal MO-H bonds are 
higher than all the levels corresponding to the MO-H-MO bonds and thus the 
terminal hydrogen bonds are less stable than the bridge hydrogen bonds in this 
molecule (Fig. 4 and Fig. 6). 

In Fig. 7 is depicted the comparison of the energy levels of 

IcCo),M,=H=M0(Co),12- and [@H&MO: 
H 

~M0(PHJ)_J2+ which were 
H H 



calculated by use of the Fenske-Hall and EHT methods. As mentioned in a 
previous paper, the stability of the double hydrogen bridge is higher in the 
phosphine dimer of MO than in its carbonyl dimer [2]. It is noteworthy that the 
stabilities of the double hydrogen bridges in the phosphine dimer of MO and in 

H 
(CH,)& ’ ‘Al(CH,), 

\/ 
are similar. On the other hand the stability of the 

double hydro!en bridge in carbonyl dimers of the transition metals is similar to that 
H \ lH\ / H 

in /BY NB, * 
H H H 

Conclusions 

We have found that the MO-H-MO bridge bond in the phosphine binuclear 
complex of molybdenum, like that in the carbonyl dimer of molybdenum, is partly 
ionic and partly covalent. The Mull&en negative charge on bridging hydrogen atom 
is in a range of values characteristic for other complexes of molybdenum which we 
have studied previously [1,5,6]. The highest filled energy levels in this complex 
correspond to the interactions of the filled 4d AO’s of the metal atoms with the 
unfilled 3d AO’s of the phosphine atoms, so in this respect the electronic structure 
of the phosphine dimer also reflects the electronic structure of the carbonyl dimer 
too. On the other hand the stability of the double hydrogen bridge and the 
delocalization of the molecular orbitals corresponding to the M-H-M bonds are 
much higher in the phosphine complex. The effective bonding interaction between 
metal atoms corresponds to a direct M-M bond of order slightly higher than two. 

’ 
H 

We have also mentioned that in the H(PH,),Mo, ‘Mo(PH,),H the terminal , 

hydrogen ligands have a similar negative charge toHthat of the bridge hydrogen 
ligands, so that the MO-H and the MO-H-MO bonds have partial ionic character. 
But the stability of the MO-H-MO bridge bonds is higher than that of the terminal 
MO-H bonds. 
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