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Spectroscopic Studies on Metal Carbonyls
IV. Coriolis Coupling for Metal Hexacarbonyls

$.J,CYVINand J. BRUNVOLL

Institute of Theoretical Chemistry, Technical University of Norway
Trondheim, Norway

Further studies on the octahedral W(XY), molecular model are
reported. Algebraic expressions are given for the Coriolis C% matrix

elements. The large variety of quantities of {® have been systematized,
and numerical values are given for the hexacarbonyls of chromium
and molybdeneum.

This is a continuation of the previous work ! on the vibrations of metal hexa-
carbonyl type molecules. A precise definition of a complete set of symmetry
coordinates is given in that paper,! being Part I of the present series. It is
adhered to the same notation and definitions in the present work.

TYPES OF CORIOLIS COUPLING

The Coriolis coupling of rotation-vibration is described in terms of a ¢
matrix.? It contains blocks with nonvanishing elements corresponding to cer-
tain combinations of symmetry species, which may be predicted by the methods
of group theory.® In the present case, considering the W(XY), model of O,
symmetry, there will be some arbitrariness in the definition of 2 (¢ = z, ¥, 2),
depending on the orientation of degenerate coordinates. The given scheme
(Table 1) applies to the previously adopted definitions.

For each type (i)— (ix) of (¢ it is sufficient to specify one single block, say
(i) Asg X Figa, (ii) Ega X Fig, etc. Then any value of {@ may easily be found
with the aid of Table 1, taking account of the factors given in parentheses.
One has, for instance, in the first case (i) A X Fi,

X __rx —_ — 3
ija — iib__Ciyjn_ iyib_"_2}ciic

(¢ =1, 2, j =5). Precisely the same relations hold for the C,8, which will
be specified in the next section.
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CORIOLIS C* MATRICES

A sufficient number of C; * elements to define the skew-symmetric C@ mat-
rices (@ =x,y,2),* are specified in the following. To evaluate any other non-
vanishing C,@ element, Table 1 should be consulted (see above).

Table 1. Types of Coriolis coupling in octahedral W(XY), type molecules.

Type x y z
(i) Aygx Fy Ay X Frga Ay X Frga(—1) Ay X Frp(—2%)
A X Frg X Fig
(ii)Eg X Fg By X Frga Boa X Figa(—1) Eyx Frg(27h)
EgaXFlgb(‘*)iA EgaXFlgb(—&)L EgbxFlgc(—‘}6*)
Egpy X Figp(—33%) Egy X F1gp(—437%)
(iii) By X Fy Ega X Fogp Egu X Fogy Ego X Fag(—2Y)
o X Faga(43h) | 0X Faa(—131)  Egp X Fag(—16%)
Egy X Fogp(—377) Egp X Fagy(—37%)
(iv) FigX Fyg Figa X F g Frga X Frge FlgaXFlgb(2})
FlngFlgc(_'l) -Flgb>< 18¢ /
(V) FigX Fy Fipa X Fog FrgaX Foge FlgaxFagb(2%)
F gy X Fag, Figp X Fage(—1) Fgp % Fzga(zé)

F oo X Faga(—1)
Fyge X Fagy(—1)

FlchFsga(_l)
F1ge X Fagp

(vi) Fyy X Fy,

FruaX Foup
Frya X Frye(—1)

FluaXFlub(“l)
Frua X F1ye(—1)

Frup X Frye( —2%)

(Vii)F'y,, X Fy,, Fiya X Foyy FruaX Foyg F 16 X Faya( —2i)
FluaXFauc FluaXFsuc(—l) lucx 2uc("‘2 )
Frup X Faup(—1) Frup X Foyp
Flchqub(_l) Flmeﬁub(-l)

tese *

(Viii)Fygp X Fyp Fopa X Foge Faga X Foge Faga X Fagp(—2%)
Fagy X Fog(—1) Fogy X Foge

(X)FuX Fay | FyuaX Fay FouaX Py Fyua X Foye(—2%)

2ub X £ 2y FZubXFsuc(_l)
Notation

Iw, tx and uy denote the inverse masses of the W, X and Y atoms, respec-

tively.

B = W—X equilibrium distance.
D = X—Y equilibrium distance.
y = (R + D) (RD)#

x = (R/D)}
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(1) Alg X Flg
Ofsa = — 1 6¥(yux + wpy), Cgfsa =} 6¥yug
(ii) B, x F,,

Osa = 3 Yoyux + xpy), Oorsa =—3 tpux
(iii) £

F,
C"“ 0 = '_% 3t (yux + %uy); Ca1op = % LB
O3 =—Cra11p = — % 63ux

(lV) Flg 1g
05a 5 = 2 i(7’ Ux -+ %°uy)
(v) Fip X Fy,

Cra"10. = —21(72!‘:( + #Puy), Cgrye = —yux
(vi) F,, X F,, (symmetric block)

6b 7b 8b 9
6a| 0 0 — 2 ¥ (puy + xpty) — 27y
Ta 2y 24y + yux) 2 4y + px)
8a 2 (8x 2+ Py + auy)  27H(8x Ty + yux)
9a 27 ¥ (8uw + px)

(vil) Fy, X F,,
Cea 122 = 2—5(7#)( + %py), Csa 120 = —2—1}(72ﬂx + %%uy)
C7ax124 = _OQa 1224 = —Cﬂa 18a = 2_§7ﬂx
Coi*130 = —Cra"130 = Osa*130 = —2 Yuyx
(vili)Fy, X Fy,
Clroa*10c = 2_*(72/6( + #uy), C114%11. = ziﬂx
Ciid*10. = Clﬂaxllc = YUx
(lX) F2u
Cr2a"120 = 2 i(3’ ux + x2uy), Cisafi = 27 */lx
Craa*12s = Chaa™13s = 27 t)’llx

CORIOLIS COUPLING COEFFICIENTS

The values of {® have been computed for chromium and molybdenum
hexacarbonyl, using the data previously reported.! The types (iv), (viii), and
(ix) are of the trivial kind, while all the other (¢ values appear to be force-
constant dependent. For the numerical results, see Table 2

RELATIONS BETWEEN CORIOLIS COUPLING COEFFICIENTS

The above explained relations between values of (@ refer to changes of
degenerate coordinates, only. It should be noted that a number of other relations
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Table 2. Coriolis coupling coefficients ({) for chromium and molybdenum hexacarbonyl.

Values of {*[¢ 7]
Type Cr(CO), Mo(CO),
(i) Ay X Fy [1 5a] —0.569 —0.569
[2 ba] 0.100 0.095
(ii) E;x Fy, [3a 5a] 0.402 0.402
[4a 5a] —0.071 —0.070
(iii) EgX Fyy [3a 10b] —0.597 —0.599
[4a 10b] [3a 11b] 0.135 0.129
[4a 11b] 0.597 0.599
(iv) FrgX Fyy (5a 5c] 0.354* 0.354*
(V) Figx Fy, [5a 10c] —0.353 —0.353
[6a 1lc] 0.017 0.014
(vi) FyyXFyy [6a 6b] 0.007 0.011
[Ta 6b] [6a Tb] —0.390 —0.411
[8a 6b [6a 8b] —0.283 —0.266
[9a 6b] [6a 9B} 0.142 0.117
[Ta Tb] 0.482 0.456
[8a Tb] [7a 8b] —0.109 —0.112
[9a Tb] [7a 9b] 0.155 0.146
[8a 8b] 0.284 0.332
[9a 8b [8a 9b] —0.422 —0.417
[9a 9b —0.066 —0.092
(vii) Py X Fy, [6a 12a] —0.485 —0.484
(7a 12a] —0.258 —0.2756
[8a 12a] —0.271 —0.253
9z 12a) —0.018 —0.033
[6a 13a] 0.113 0.108
[Ta 13a] 0.114 0.114
[8a 13a] —0.276 —0.262
[9a 13a] —0.522 —0.531
(viii)Fag X Fyp [10a 10c] [11a 1lc] 0.354* 0.354*
[11a 10c] [10a 11c] O(exact) O(exact)
(iX) FayX Foy [12a 12b] [13a 13b] 0.354* 0.354*
[13a 12b] [12a 13b] O(exact) O(exact)
© *Exactly 8%
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exist between the here considered {-values, among which one finds the ¢-
sums.?%% Here we give some of the relations.

(1) (C1%sa)® + (Co"sa)® = %

(1)  (Caa’5a)® + (Cas"sa)> = %

(iii) C3a"10 + Cas™115 = 0, Caa™106 = Laa™110
laa"10 Caa'me|
Laa 100 Caa™ | ~— ~ ®

(iv) &se®sc = 8¢ (force-constant independent)
(V) (Csa"10)® + (C5a"11)® = % _
(vi)  Cea®so + Cra*ms + Coa’op + Loa’os = 271 /

and additional relations, connecting off-diagonal elements.
(vii) Sum of the eight squared {’s is $. Also additional relations exist.

(viil) and (ix) Force-constant independent:

106100 = C11a"110 = Cres™19s = C1sa"is = 8¢
C10a"11c = L11a"10c = 124186 = C13."126 = 0
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