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Abstract: Helium (I) ultraviolet photoelectron spectra (UPS)

ar e r epor ted f o r  the co mp ounds  C r ( N iPr
2
)3,  Cr (N E t

2
)4, Mo ( NM e

2)4,

M o ( N E t
2
)4, N b ( N M e

2)5, 
and T a ( N M e

2)5. The int3erpretation of the

UPS of the paramagnetic dialkylamide , C r ( N 1Pr
2
)3, was a ided by a

SCF X scattered wave (Xa 
SW) calculation on the model compound

C r ( N H
2)3. 

In contrast to previous UPS work on Cr [N(SiMe3
)
2)3,

ionizations are detectable from the metal MO ’s of  Cr (N ~ P r
2
)
3.

The UPS of  the te tr acoord ina te mo l y bdenum compounds , M o ( N R
2
)4,

R — Me , Et are in excellent agreement with X—ray crystallograp hic

da ta on M o ( N M e
2)4 

and exh ibit a low energy ionization (“5.3 eV)

which is a tt r ibu table to elec tron ejec tion f r o m  the e s sen tia l l y

pure Mo 4 d 2 2  MO of b 1 
symmetry. The pentacoordinate compounds ,

~
)/ P

~
’ 
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- M ( N M e
2)5, 

M — Nb , Ta exhib it very similar UPS and therefore appear

to be isos truc tural in the va por p hase.
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INTRODUCTION

The use of  d ialk y lam ido and d is ilylamido ligand s has per-

mitted the isolation of mono— and dinuclear transition metal

der ivatives with widely var y ing coordination numbers.
2 

Compounds

of this type are well suited to investigation by ultraviolet photo—

electron spectroscopy (UPS) because , as shown in p r e v ious

s tud ies 3 5
, the p e a k s  a t lower bind ing energ ie s c o r r e s p o n d ing

to electron ejection from metal—centered MO’s, nitrogen lone

pair MO’s, and metal—nitrogen o—bonding MO’s fall into distinct

reg ions . The UPS data can be used , th e r ef o r e , not only f o r

the de l inea tion of  bond ing scheme s but also  f o r  g ainin g ins igh ts

into the stereochemistry of metal amides.

The p r e s e n t p a p e r  is concerned with the measure m en t and

interpretation of the UPS of Cr(NiPr
2
)3, C r ( N E t

2)4, 
M o ( N M e

2)4,

Mo ( N E t
2)4, 

N b ( N M e
2)5 

and T a ( N M e
2)5. Our interest in the

tr icoord ina te s p e c ies , Cr (N 1Pr
2)3, 

was genera ted by the fact

tha t in the c o r r e s p o n d ing s ilylamide , C r [ N ( SiMe
3
)
2]3, 

it was

i m p o s s ible to de tec t U P S  p e a k s  c o r r e s p o n d ing to the ion iza tion

of metal—localized MO ’s.5 The tetracoordinate dialkylamides ,

C r ( N E t
2
)
4 

a nd M o ( N R
2
)4, R ~ Me , Et , are the first Group VI  A

amides to be .,tudied by UPS ; particular interest is associated

with these compounds because the mol ybdenum amides are dia—

magne tic yet Cr(NEt 2
)4 

is paramagnetic. Finally, the penta—

coord inate amides , M ( N M e
2
)5, M = Nb , Ta , were investigated

because of the apparently close energies of the trigonal bi—

p y r a m i d a l  a nd sq uar e pyr amid a l  M N
5 

geometries and the possibility 
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of de tecting conformational effects in the vapor phase.

A SCF X scattered—wave calculation6 (h e r e a f ter r ef e r r e d

to as X~ SW) has been performed on the model amide Cr (NH
2
)
3

to facilitate the interpretation of the UPS data. As is wel l

known, this theoretical approach has the advantage of avoiding

the use of  K o o p mans ’ theorem 7 by means of the transition state

8me thod

EXPERIMENTAL SECTION

Materials. The compounds Cr (N
1Pr

2
)
3
9
, C r ( N E t

2
)
4

10
, M o ( N M e

2
)
4~~~,

M o ( N E t2)4~~~, 
N b ( N M e

2)5
12
, and T a (N M e

2)5
13 

were prepared and

purif ied as described in the literature.

~ pec troscoy1c Measurements. All UPS data were recorded on a

Perkin—Eliner Model PS—18 Pho toelectron Spectrometer using a

He(I) photon source (21.22 eV). The heated inlet probe was

used f o r  all  samp les and temperatures in the range 35—100°C

were necessary to obtain suitable spectra. Each spectrum was

calibrated with xenon (12.130 eV) and argon (15. 759 e V )  used

as internal standards. Spec tral  reso lu tion was ma in tained

between 25 and 50 meV for the argon line. All ionization

energ ies are re ad as the band max ima , un l e s s  o therw ise no ted ,

and are the average of at least three different runs .

Computational Procedures. The X~ SW calculation on Cr (NH
2
)
3

was made by  emp loying the spin—restricted p r o c e d ure of  J o h n s o n

and Slater
6
, setting the occupation numbers of the 6e and 4a

1

levels at two and one , respec tively, in accord  wi th the

*
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observed ground state electronic configuration.9 The bond dis—

tances and angles for Cr(NH
2
)
3 
vere based on those observed

by X—ray crystallography for Cr(NiPr
2
)3, 

14 
except the N—H

bond distance was taken to be 1.01 A . The atomic sphere rad ii

were chosen on the basis of optimizing the virial ratio , and

the outer sphere was set tangential to the hydrogen spheres.’5

Schwar tz’s exchange param eters , aHF, were used for chrom ium

and nitrogen , while Slater ’s value for hydrogen was used .~~
6

— aOUTER was taken equal to aR, while the intersp
here exchange

parame ter , aINT, was calcula ted to be 0.7490 on the basis of

averag ing the atomic a values according to the numbers of

valence elec trons . Spher ical harmonics through 1 2 were

emp loyed for the chromium and outer spheres , while functions

through e 1  and £ 0  were employed for the nitrogen and hydrogen

spheres , respec tively. All SCF calcula tions were converged

to better than 0.01 eV for each level , maintaining all cores

fixed. The firs t four IE ’s for Cr(NH
2)3 

were computed by the

transition state me thod8.

RESULTS AND DISCUSSION

The tricoordinate compounds , M [N(SiMe3)2)3, M—T i, 
Cr ,

Fe, and Cr(N~ Pr 2)3 represen t examp les of the stab ilization of

low coord ina tion num bers by means of bulky groups. Single

- - .

~

-

~ 
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crystal X—ray structures of Fe(N(SiMe3
)2]3

17 and Cr (N~ Pr 2)3
14

revealed that the MN
3 

skeletons are trigonal planar and that

~, the dihedral angle between the NX2 and MN3 planes , 
is 4 90

and 71°, respec tively. The other tricoord inate compo unds of

concern here can be assumed to possess a similar structure.

Collectively, ESR da ta’4’18
, magnetic data

’9, and crystal field

calculations
19 indicate that the ground state electronic con-

figura tions of the silylamides are

Ti[N(SiMe3
)
2
]
3 

2A
’

Cr (N(SiMe
3
)
2
]
3 

4A
2

Fe[N(SiMe
3
)
2
]
3

The dialykylainide , Cr(N
1Pr

2
)3, has been shown

9 to have the

same ground state alectronic configuration as Cr(N(SiMe3
)2
]3.

Curiously, desp ite the presence of unpaired elec trons in

the abov e silylamides no low energy ionizations att ribu table

to metal—localized orbitals were detectable in the UPS
5
.

6 
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The reason which was advanced for this phenomenon is that the

metal MO’s are stab ilized significan tly by the more electron—

withdrawing (Me
3
Si)

2
N groups , possibly causing them to be of

comparable energies to the nitrogen lone pair MO’s. Interesting ly,

Cr(NiPr
2
)
3 

does exhibit peaks at low IE which can be attributed

to the ionization of metal—localized MO’ s (Figure la). The de-

tailed assignm ent of the UPS of paramagne tic transition metal

systems is, in general , a complicated matter
20
’2’ because of

the large number of ionic states which can be gener ated upon

photoionization (Table I). Arguing qualitatively, and on the

basis of intensity considera tions it is reasonable to assign

peaks I~ and 1
2 

to the prod uction of the 3A
2 

and 3E ionic states

via elec tron ejection from the Cr (3d) orbitals of a
2 

and e

symm etry, respec tively (see below). In threefold symmetry the nitrogen

-

- 
I “lone pair ” MO ’s span the a

2 
and e irreducible representations.

j However , as is clear from the nodal proper ties of such MO’s

(Figure 2) their relative energies are sensitive to the

dihedral angle.
22 

Obv iously, at intermed iate values of $,

a “cross—over ” occurs , and , at some par ticular value of • the
a2 and e 

MO’s must be degenerate. Since the dihedral angle

between the CrN
3 

and NC2 planes is 
710 in Cr(N~ Pr2)3

14 
the

symmetry is nearer to D3h(l) than D3h (2). It is on this basis that

we assign peaks 1
3 

and 1
4 

to the ionization of the a
2 

and e

nitrogen lone pair MO’s respec tively. The lack of reso lution of

peaks 1
3 

and 1
4 

could be due to two fac tors: (a) the poss ibility

that both tri ple t and quintet A
2 

and E states are observed in

this region and (b) Jahn—Teller sp litting of the E states. 

The7
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f
peak at 9.9 eV obviously represents the onset of ionization of the

metal—nitrogen a—bonding MO ’s (of sym metry a
1 

and e); however , it

is diff icult to advance specific assignments.

The foregoing, qualitative interpretation of the UPS of

• 
Cr(N1Pr

2
)
3 

is in good accord with the X
a 

SW calc ulation on the

model compound Cr(NH
2
)
3 

(Tables II and III). Thus , t he  two

highes t occupied MO’s (Table II) are pr imarily Cr(3d) in

composition; the 6e MO is the degenerate 3d d set while thexZ , yz

4a
1 

is pr imarily 3d
~~
2 (if the CrN3 moiety lies in the xy plane).

The 3a
2 
and 5e MO ’s are bo th mainly nitrogen lone pair; however ,

while the 3a
2 

is entirely local ized on the nitrogens, the Se

has a small, bu t significant amount of density on chromium.

This orbi tal is the it—bonding MO of the molecule and the orb ital

contour of one of the degenerat e set is shown (in the xy plane)

in Figure 3a. Since the nitrogen lone pairs are twisted out

of the xy plane by only 19°, the best overlap is with the d~~2_y 2. ~~~ 
set

of orbitals on chr omium . The wavefunction in Figure 3a shows

nitrogen lone pa ir overlap with the Cr 3d xy orb ital. The next

two MO ’s, 4e and 3a1, are the a—bonding orbitals of the molecule.

The conto ur of one of the degenerate 4e wavefunctions is shown in 
—

Figure 3b (xy plane), while the con tour of the 3a
1 
MO (in the

plane along the Cr—N a bond , perpendicular to the xy plane)

is illustrated in Figure 3c . The 3d
~~
2 contribution to the

a—bond ing is evidenced from the latter contour. The nex t four

MO ’s, 2a 2, 3e , 2e, and 2a 1, are N—H a—bond ing, wh ile the 1a2,

le, and 1a1, are entirely Cr 3p and 3s in composition. It appears

that the Cr 3d 2 2, d set of e orbitals is involved in jr—bonding
x - y  icy

(Figure 3a) as well as a—bonding (Fi gure 3b) in the molecule. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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It is of i m p o r t a n c e  to  n o t e  t h a t  t h e  c o m p u t e d  IE ’s (Table  I I I )

for the 4a1 and 6e metal—localized MO’
s are in the reverse

order to the ground state eigenvalues (Table II), i.e. the HOMO

(6e) is responsible for the second ionization. The breakdown

of Koopmans ’ theorem in this instance is due to the relatively

large relaxa tion energies which are associated with the photoioni—

zation of metal—rich orbitals : the higher the metal d

orb ital charac ter , the more the MO will relax upon ionization.

Thus , the 6e (87Z metal) relaxes to a larger extent than the

4a1 (712 metal), causing the crossover in the observed UPS.

This type of behav ior is charac teristic of the UPS of several

transition metal compounds .23

- The tetracoordinate dialky lamides of Cr and Mo are of

J interes t because , while bo th are d
2 systems , Cr(NEt2)4 is

- I paramagnetic yet Mo (NMe2
)4 

and Mo(NEt
2)4 

are diamagnetic .

If the nitrogen geome try is taken to be trigonal planar and metal—

nitrogen bond rotation is assumed to be slow on the UPS time

scale, the maximum skeletal symmetry of a M(NR2)4 
compo und is

D2d. There are , in fact , two possible structures that possess

this geome try: D2d (l) in which the C—N—C planes are per—

pend icular to the d ihedral planes , and D 2d (2) in which the C—N—C

I ~
9 

- --—



planes are parall el to the dihedral planes. In T
d 

symmetry the

me tal nd orbi tals split into the familiar e and t
2 

sets;

reduc tion of symmetry to D2d (l) or D2d (2) results in these

orbitals transforming as b1, a1, b2, and e as illustrated in

Figure 4. In D2d (l) symmetry the nitrogen lone pair MO ’s,

~N’ 
span the irreduc ible repr esentations a1, b2, and e while in

D2d (2) symmetry these transform as a2, b1, and e. Dative

it bonding interactions are permitted between the nitrogen lone

pair and me tal nd MO’s of the same symmetry as illustrated. - 
-

Thus it is clear (Figure 4) that no interactions are possible

with the b1 
(d 2 2) or a1(d 2) me tal and MO ’s in D 2d (l) or

D2d (2) symmetry, 
respec tively. These orb itals ar e the HOMO ’s

in low spin d 2 systems.

The crys tal struc ture of Mo (NM e
2
)
4 

has been inves tigated

recently
24 

and the molecule has been found to adopt D2d (l)

symmetry. The UPS of Mo (NMe2)4 
(Figure lb) is consistent with

the ground state electronic configuration..~~a1
)
2
(b
2
)
2
(e)4(b

1
)
2
.

H Thus, 11 
clearly correspo nds to ionization of the b1 metal

local ized MO , while peaks 12$ 13P and 1
4 

can be assigned to

elec tron ejection from the nitrogen lone pair MO’ s of symme tr ies

e, b2, and a1, respec tively on the basis of intensity consider-

ations . The broad , intense peak at 10.7 eV represents ioniza—

J tion of the a1, e, and b 2 molybdenum—nitrogen a—bonding MO’s

of symm etries a1, e, and b2. The general correctness of this

sequence of orb itals has been confirmed by Fenske—Hall calcula—

tions on Mo(NM e
2
)4 which , in addition , revealed that the b

1 
MO

is 97% 4d 2 2 in character , and that the e, b , and a MO’s
x — y  2 1

10 

~
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compr ise 91, 94, and 71% ligand it char acter, respec tively.
24

• The low value for 11 
(5.30 eV) is consistent with the Fenske—

Hall calculations on Mo(NMe2)4 which indicate that 
the b1

MO is slightly antibonding . The UPS of Mo (NEt2)4 (Figure lc)

is quite similar to that of Mo (NMe2
)
4 

and can be assigned in

an analogous manner. As expected the energy required for pro-

duction of the 
2B
1 

state via electron ejection from the

Mo (4d
~
2_
~~
2) orbital is virtually identical in both compounds ,

and slight inductive shifts are apparent in the IE ’s assoc iated

with the nitrogen lone pair MO ’s. The somewhat more complex

- • appearance of the spectrum of Mo (NEt2
)
4 

in the nitrogen lone pair

region could be due to (a) the actual symmetry of Mo (NEt
2
)
4 be ing

lower than that of Mo (NMe2
)4, or (b) an increased Jahn/Teller

split t i n g  of th e 2E state in Mo(NEt2)4 compared to Mo (NM e
2
)4.

Interes tingly, Cr (NEt2)4 (Figure ld) is paramagnetic , although the

reasons for thj~ are not clear at the present time. Prob abl y

it is a reflection of the spin—pairing energies being in the

order Cr>Mo and the ligand field energies being in the order

Mo>Cr ; alt ernatively, Cr (NEt2)4 could adop t the D 2d (2) structure.

If so , the electronic configuration of the ground state would

be (b
1
)
2(e)4(a2)

2(a
1
)l (b

1)
1 

rather than

The ionic stat2s emerging from the photoionization of both the

D2d (l) and D2d (2) ground state electronic conf igurations are

presented in Table I along with possible spectral assignments .

If one argues (probably in an overs implified way) on the

ba sis of peak intensities the better fit is obtained v,~th the

D2d (2) ground state structure. However , this conjecture , while 

11 

L_~~~ ~~~~~~~~~~~~~~~~~~~



_______ I

interesting , should be viewed cautiously . Clea rly, the struc-

ture of Cr(NEt
2
)
4 

should be determined .

One of the intriguing aspec ts of the pentacoord inate amides

concerns the apparently close energies of the square pyramidal

and tr igonal bipyramidal MN
5 

geome tries. Thus , it has been

demons tra ted by X—ray crys tallography tha t the NbN
5 

moiety of
25Nb(NMe

2
)
5 

approaches a square pyramidal s truc tu re , while

Ta (NEt 2 ) 5 has been f o u n d  to a d o p t  a t r i g on a l  bi p y r a m i d a l  geo-

m e t r y  f o r  t he  TaN 5 s k e l e t o n .26 The UPS of Nb (NMe
2
)
5 

and Ta(NMe
2
)
5

are vir tually identical (except for a small shift in the absolute

value of the IE’s) and only the spectrum of the latter is

illustrated in Figure le. It thus appears tha t Nb (NMe2)5
and Ta(NMe

2
)
5 

are isos truc tural in the vapor phase. In a

square pyramidal (C2
) arrangement of MNC

2 
moieties the five

peaks in the nitrogen lone pair reg ion would correspond to the

ionization of two a and three b MO’s. However , it is difficult

to be more specific without NO calculations. The lower IE ’s

are , therefor e, listed without assignments in Table IV .
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Table I. Ionic States Resulting from Lower Energy Ionizat ions

of Open—Shell Metal Dialky lamides

Cr(N~ Pr
2
)
3 

Experimen tal
Ionic State Ionizat ion

Ground State Ion Configuration Produced Enerkies
a

e
4
a2

2
a1
1
e
2 
[
4A2

] e4a2
2
a
1
1
e’ 

3E 6.53

4 2 2  3e a
2
e A 6.3

4 1 1 2  3e a ., a1 e A
£ J 1 7.38

3 2 1 2e a 2 a
1

e B) 7 9
5
E)

9.9 (N—No)

- cr.(NE t
2).
4., D2.d (1.)

a
1
2
b 2

2e
4b1

1a1
1 

f
3B
1

] a1
2
b2

2
e
4
b
1
1 - 

5.9

• a1 
b
2 

e a
1 

A
1 

6.3

2 2 3  1 1 2 \
a
1 b2

e b
1 a1 E) 7.0

~ E )

2 1 4  1 1 2 \
a1 b2 e b 1 a1 

A
2 1

7.2

- 
4A
2)

a1
1
b2

2
e
4
b1
1
a1

1 2B ’
) 

-

• 
• ‘cc 7.9

B
l)

- 
10.0 (H—No)
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• Table I. (cont ’d.)

Cr (NEt2)4, D2d (2)

b
1
2e4a2

2
a
1
1b
1
1 
[
3B1

] b
1

e
4
a2

a
1
1 

~
‘1 5,9

e a
2 

b1 
B1 6.3

2 4  1. 1 1 2 \e a 2 a1 b1 8
2 ) 7.0

4

2 3  2 1 1 2 \
b
1 

e a
2 
a
1 

b
1 

E •) 7.2

~E)

b
1
1e4a2

2a
1
1
b1

1 2
A~~~ 

7.9
4
A
1)

aAll values in eV.

t -

-

16
_ _ _ _ _  — -~~~~ 

- --
~~

-
~~~~~~~~~

-— - 



- -

v_i o r-. ,-I 0 Cfl v-I 0 0 -it v-I 0 v-I 0 W
.
~~ ~ v-I I v-I N m r, 0 0 0 0 0 0 0 0 0
I•. .‘ • I . . • . . . . . . . . . .
Z 0 0 I 0 0  0 0 0 0 0 0 0 0 0 0 0 v-I
— U • 

-
-

I •
I S U

I 14 C

U 0.
~~ ~~ N O N  0 N N 0 0 v-I 0 0 0 0 0 5
Di 

~ 0 0 0  0 0 0 0 0 0 0 0 0 0 0
&4 U . . . . . . . . . . . . . . U in
~~ 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 ,4 U
0 U

o 4;
1-~ .5

0.
in

4;
0 0 0  0 0 v-I N N. t•— ~t —it 0 0 o .c
0 0 0  0 0 0 0 0 0 0 0 0 0 0 ~~xl s . . . . . . . . . . . . . . S

N 0 o o  0 0 0 0 0 0 0 0 0 0 o ~ ox 4J
z .5

4.’
I-. ~rIU 3

1.1 r.. v-I 0 Cfl 0% 0 0% 0% c~~ •
~~ 0 0 0 5 14

0 ‘~ 0 0 0  N v-I v-I N v-I v-I N N 0 0 0 4; 014.4 . . . . . . . . . . . . . . 

~~~ 

144
0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 U
U .,

~
in N S U
4; ‘I

%0 I v-I 0 m 0% 0% 0% v-I v-I 0 0 0 4; 5
I 0 0 0  N v-I v-I v-I v-I r-I 0 0 0 0 0 ‘~~

04 • . . . . . . . . . . . . • o
I 0 0 0  0 0 0 0 0 0 0 0 0 0 0 ~S Z a o

4; I 14 4;
+ I U

U U
v-I 0 0  0 v-I ‘-I 0 N C~ 0 0 4; 0
0 0 0 0 0 0 0 N N 0 0 v-I S

Id S . . . . . . . . . . . w
0 0 0 0 0 0 0 0 0 0 0

.5 14.4 5
U a 4;

•0 S U
S 4; 14
4; 00 w

v-I %O 1— r-I 0 -~~ N N. v-I N Cfl C~) 0 O~ 0 4; .5
In 4; ~~ N. 0 v-I Cfl N 0 0 0 0 0 0% 0 4.’ 0.
4; “ • u • . . . . . . . . . . . .
5 0 

~~ 0 0  0 0 0 0 0 0 0 0 v_I 0 v-I 4;
.-I U U 1..
4; N 14 4;

I 0) 4J~~~
cn I N- —it 0 ~0 cfl (S v-I .-4 0 0 0. 5

F %O I ~~ 
v_I N v-I 0 0 0 0 0 4; 0 ~~• I ~ 

• S ~ S S ~ ~ 0) 14
0 I 0 0  0 0 0 0 0 0 0 0 .5 0 ) 0 )

-I-’ . c o u
: +0) I 14 5
IJ 4’~ I 0 0 -it ‘O v-I 0 (‘4 0 0% 4; 1.1 u-I C
4; I 0 I 0 0 0 0 0 0 0 0 0% w X
U 14 04 . . . . . . . . . . ,J

0 I 0 0 0 0 0 0 0 0 .-I 0 5
0 O w-I

I U
S + I 4; 0 ) 5 0
S I ‘ u s
o N. -it N 0 14

0 v_I 0 0 0 s 0
S . . . . l4..i U W ’.I

0 0 0 v-I S 0044
5 0) 0 1 4 1 0
4; 1 0 1 4
‘.4 5
U w U U 0

0 v_I m 0 N ~O in ~~ 0’ v_i ~~ ~~ ~~ 
,_I

0 -it In so N. N- N 0% sO N in If I in S in 4; C
.0 . . . • . • . . • • • . • • 5 0) 5 I-i

• W v-I in in -it Ill ~~ 0% CS N 0 0 sO 50 in 4; 5 0) 4;
• I I I I I I I v_I v_I N C_I ‘it -it N- ‘0 v_I ‘ u . S

— I I I I I I I 4;
P-I 0) > 4 ;  5~~~0 0 5  0 0 1 4~~~• 14 0 ) 1 4 0 ) 0
v-I ~~.0 v_~ c-i v_I N v-I N v-I .5 ‘.1 .5 5 4;
4; 0 ~ I 0 ) 4 ;  4; 0) 0) 10 10 44 44 4; 4; 0) 4; U U

~~



-- - -  -

~~~~~~~~~ 

- - -

__ - ~~~~~~~ • . 

~•~
_ • i_

~

Table III. Compu ted Ionization Energies for Cr(NH2
)3 

and

Exper imental Ioniza t ion Energies for Cr(N iPr 2)3.

MO Computed lEa 
~~yerimenta1 IR

a

4a
1 

6.76 6.3

6e 7 .01 6.53

3a
2 7.52 7.38

8.57 f
3a1

H a
All values in eV,

L

4
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Table IV. Ionization Energy Data
a for M (NR

2)4 
and M(NR

2
)5 

Compounds

M (NR
2)4

Ionic State ~(o(NM e
2)4 

Mo (NEt
2
)
4

2
B
i

(d
~~
2_
~~
2) - 5.30 - 5.3

2E(n
N
) 7.34 7•0

b 7 3 b

2
B2

(n
N
) 7.70 7.56

- ‘ 

2A
l

(n
N
) 9.01 8.7

N—N ionizations 10.7

- M(NR
2)5

- Nb (NMe 2)5 Ta (NMe2)5

6.77 6.89

6.9 7.1

nN 
7.63 7.78

8.02 8.15

8.21 8.35

N—N ionizations 9.7, 10.2 9.7, 10.4

Al]. values in eV

bsplitting due to the Jahn—Teller effect. See text.
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Figure Captions

Figure 1. He(I) UPS of (a) Cr(N~Pr
2
)
3; 

(b) Mo(NMe
2
)
4;

(c) Mo (NEt
2)4; 

(d) Cr(NEt
2
)
4; 

and (e) Ta(NMe
2
)5.

Figure 2. Horizontal (D3h (l), •—90°) and ver tical (D 3h (2) ,

•—90°) arrangements of N(2p) AD ’s in threefold symmetry.

Figure 3• SW contour plots for the following MO ’s of

Cr (N8
2
)
3
: (a) one of the two degenerate 5e wavefunctions

(CrN
3 p

lane); (b) one of the two degenerate 4e

vavefunctions (CrN plane); (c) the 3a wavefunction

- (perpendicular to CrN
3 

plane, along CrN bond). Contour

values are: 1—±0.20; 2=±0.10; 3=.±O ..05; 4~ ±0.02.

• Figure 4. A qualitative MO scheme for M(NR
2
)
4 

comp lexes

in two different D2d configurations (see text).
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