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X-ray Diffraction Analysis of Geometry Changes upon Excitation: The Ground-State and
Metastable-State Structures of K[RU(NO2)4(OH)(NO)]
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Chemistry Department, Natural Sciences Complex, State University of New York at Buffalo,
Buffalo, New York 14260-3000

Receied June 14, 1996

The structure of the laser-light-induced metastable state ®3he [Ru(NQ)4(OH)(NO)P>~ anion in Kj[Ru-
(NO,)4(OH)(NO)] was determined by X-ray analysis at 50 K of a crystal with a 16% excited-state population.
Results of an independent determination of the ground-state structure were used in the analysis. The most
pronounced geometrical change upon excitation was an increase of theNR distance by 0.097(11) A,
significantly larger than the change of the corresponding distance in sodium nitroprusside (Pressprich, M. R.;
White, M. A.; Vekhter, Y.; Coppens, B. Am. Chem. S0d.994 116,5233-5238). A decrease in theRu—

(N—0) angle from 174.0(2) to 169(1jvas observed. The diffraction results provide evidence that the photoinduced
state M3 of the transition metal nitrosyl complexes is a linkage isomer in which the NO group is attached to the
metal atom through the oxygen, instead of through the nitrogen atom, rather than an electronic excited state as
reported previously.

Introduction Similar long-lived states are formed upon irradiation of
analogous nitrosyl complexes with Ru or &8 with different
cations and different ligands. Questions about the geometrical
configuration of these complexes in the excited state and the
influence of ligands equatorial and axial to the nitrosyl group
on the population of the excited states and about the decay
temperatures remain unanswered.

Two light-induced long-lived metastable electronic states have
%een reported for KRu(NO,)4(OH)(NO)*® and characterized
by IR spectroscopy and differential scanning calorimetry. As
in the other complexes, the NO ligand is the one most affected
by the excitation; the stretching vibration frequencies of NO
downshift by 114 and 263 cm, while the stretching frequencies
of the trans ligand (OH) decrease by only 29 and 61 %&in
MS; and MS, respectively. The decay temperatures foryMS
are the same for bothZRu(NGO,)4(OH)(NO)] and SNP 4200
K) but differ for MS,, for which the values are 166 K and 150
K, respectively. The reported maximum populations of the
excited states due to direct excitation wit50 nm light are

ive descriptiofl is based on a transition to thef@?) orbital, and 11%, respectively, for SNP.

: : Though the spectroscopic data are a sensitive probe of
leading to the ...6e 42bp(dwy)5au(d2) (1B2) electronic
ng (dd,)°2b,(dy)5a(d7) (B2) ! excitation, they only give indirect information on the geometry

Several nitrosyl complexes of transition metals were recently
found to have light-induced metastable states with very long
lifetimes at reduced temperatufeS he most extensively studied
among these is sodium nitroprusside or SNP[N&(CN)-
(NO)]-2H,0, for which two light-induced metastable electronic
states (M@and MS) having different decay temperatures were
observed. The nature of the excited states has been explore
by different physical methods such as differential scanning
calorimetry (DSC), infrared and Raman spectroscopys$4o
bauer spectroscopy, and X-ray and neutron diffraction.
However, the exact electronic configurations of Mfad MS,
and the origin of their unusually long lifetimes at low temper-
atures are still a matter of controversy. Two different models
have been proposed for the first metastable state of sodium
nitroprusside. According to the first modeMS; is a relaxed
derivative arising from the metal-to-ligand charge transfer
from the highest occupied 2Hd,,) orbital to a 7e £*NO)
orbital, corresponding to the transition ...6g(d},)*2by(dy)?

configuration. y 2 :
changes upon excitation. In this paper we present results on
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axis of the pin. This mounting allows the polarization direction of the 2.5

light to be parallel to the crystallographic axis, which the DSC

experiments described below indicate to yield the highest population 2.00

of MS;. The metastable states were generated by irradiating the crystal % e
at 50 K for 5 h withl = 454 nm light from an Af laser, with a power g 150 MSI T MSI—

of 360 mW/cn3, and light propagation along thedirection. Once a = T = /
steady-state excited state population was obtained, as judged by the g 100

intensities of excitation-sensitive reflections, the laser was switched * 0500k

off and the crystal was warmed to 166 K, maintained at this temperature
for 5 min to eliminate the M§ and then cooled back to 50 K. 13640 Tes T80 300 326 340
DSC Experiment. The amount of heat released during thermally T, K
stimulated decay of the metastable electronic states was measured b
a Perkin-Elmer differential scanning calorimeter DSC7. The crystals of 4 K/min, of a previously laser-irradiated single-crystal sample of
were heated at a constant rate of 4 K/min, while the enthalpy supplied K [Ru(N02)' (OH)(NO)]
to effect the heating was being monitored. A window was installed in 2 4 '
the calorimeter enclosure, to allow laser irradiation of the specimen at Taple 1. Experimental Data for §Ru(NO,)4(OH)(NO)]
110 K.
X-ray Data Collection. Four sets of X-ray intensities were collected

\éigure 1. Heat flowvstemperature, for a constant temperature increase

ground state Mgground state

on a HUBER D-511.1 four-circle diffractometer using graphite- space group P2;)/a P2:./a
monochromated Mo K radiation from a Rigaku Corp. rotating anode  temp (K) 50(2) 50(2)
ROTAFLEX RU-200b generator (60 kV, 90 mA). The diffractometer ~ a(A) 12.380(1) 12.381(1)
was equipped with a two-stage closed-cycle helium Displex CT211 b (A) 12.348(1) 12.353(1)
cryostat, manufactured by Air Products and Chemicals, Inc., mounted ¢ (A) 6.926(1) 6.924(1)
as described elsewhéle A half-cylinder-shapedr(= 90 mm) imaging é(deg) 93.32(1) 93.27(1)
- ) . %) 1057.0 1057.3
plate (IP) holder was mounted on the diffractometer coaxially with the z 4 4
@ axis. This construction allows reflections with 2alues up to 110 dearc(g/cT) 2578 2578
to be measured. abs coeff (crm?) 23.01
All data were collected at 50 K. During the experiment the transm coeff 0.8480.707
temperature was monitored with a silicon diode thermometer manu- crystal dimens (mm) 0.1%0.125x 0.1
factured by Scientific Instruments, Inc. Before the experiment, the radiation wavelength (A) 0.7107 0.7107
temperature reading was checked against the real temperature at therange of (sim)/A (A2 0.08-1.03 0.08-1.03
position of a crystal by observation of the phase transitions of-KH .k lower limit; upper limit  —22-10,-12; —22,-10,-12;
PO, and ThVQ, which occur at 122 K and 33 K, respectivéii* 16,14,11 22,14,12
First, data sets were collected on ground-state and mixed ground- no. of refns meas 6638 8668
state/first-excited-state crystals using a scintillation counter as the "o of symm-unique refins 3010 3219
: . : . . no. of reflns withF > 40(F) 2789 3013
intensity detector. This experiment will not be further reported here, merging factorR (%) 23 22
as its results are in full agreement with those of the second experiment, gy 'R (F) (%) 2.6,2.9 25,28

in which more extensive data sets were collected using imaging plates

as detectors. Data were collected on the crystal in the ground stateore scaling
and mixed ground stateffirst-excited electronic state. An “antiscatter

device” was introduced into the vacuum chamber to shield the imaging

plate from the scattering by the walls of the vacuum chantbétUJI

HR-IIIN imaging plates and a FUJI BAS2000 scanner and visualization ) . . . L .
software were used. Data were collected withy8oscillations of 4 wherel is the_ |n_ten5|ty and a quadratic function fitted to the ratio of

min exposure time each. A slight but statistically significant increase € rms deviation among repeated measurements and the esd of the
of the b-axis length from 12.348(1) A in the ground state to 12.353(1) average of the repeated measureméHits.In the subsequent least-

A in the laser-saturated excited-state was observed. Crystal data andbduares refinements, the functim(|Fo| — k| Fel)? was minimized with

X-ray data collection details are summarized in Table 1. w = 1/o' 2(Fo)_. All least-squares refinements were done with the SDS

Data Reduction. The integration of the IP data was performed with structure refinement package.
the program HIPPO based on the “seed-skewness” méthathe
programs ABSORB’ modified for use with IP data, and SORTA&®
were used for absorption correction and for merging of the reflections, DSC Experiment. The DSC curve indicating the thermal
respectively. decay of M$ and MS in a single crystal of KiRu(NO,)4(OH)-

The efficiency of the IP method permits a considerable redundancy (NO)] is shown in Figure 1. With an energy difference between
in the data collection and allows the scaling of the statistical standard the MS and the ground-state level obRU(NO2)4(OH)(NO)]
deviations using the dIS'[Iijl..Itlon of equwa!ent measurementsr.’_ mf of 1 eV19the amount of heat released during the thermal decay
the scaled standard deviation amdhe statistical standard deviation of MS; corresponds to a population of 16%, in agreement with

12) Hemriksen K- L F R P —— the value reported in ref 10. It should be noted that the

(2 19(§3nar Ilg,egéo—"sgi.rsggafs'mé{, Hisénatései;nén, G.: ‘é%bpéﬁﬁgg[ ' p_opulations of M$ and MS are dependen.t on the polari;ation
Crystallogr. 1991, 24, 961-962. direction of the incident light. In our experiments three different

(13) Kobayashi, J.; Uesu, Y.; Mizutani, I.; Enomoto,fhys. Status Solidi polarization direction€llc, Klb; Ella, klb; and Ellb, Kla were

A 197 69 - : - :
14) ng 8_.3¢§?58F9H_. Sampson, C. F.; Foreyth, J s, Lett1671, examined. While the light exposure was approximately the

o' = o[Q(l,(sin 6)/2)]

Results

38A 207-208. same in all three cases, the Mgopulations were different at
(15) Darovsky, A.; Bolotovsky, R.; Coppens, P Appl. Crystallogr1994 16, 10, and 8%, respectively.
27, 1039-1040. Structure of the Ground State. Starting positions for all

(16) Bolotovsky, R.; White, M. A; Darovsky, A.; Coppens, . Appl. .
Crystallogr. 1993 28, 86—-95. Bolotovsky, R. Imaging Plate Area- atoms were taken from the literatiffe. The ground-state

Detectors in Accurate Crystallographic Studies. Ph.D. Thesis, State

University of New York at Buffalo, May 1996. (20) Petricek, V.SDS94: System of programs for structure solution
(17) De Titta, G. T.J. Appl. Crystallogr.1985 18, 438-440. Institute of Physics: Praha, Czech Republic, 1994.
(18) Blessing, R. HCrystallogr. Re. 1987, 1, 3—58. (21) Butman, L. A.; Khodashova, T. S.; Minacheva, L. K.; Tayukin, V. I.

(19) Blessing, R. HJ. Appl. Crystallogr.1989 22, 396-397. Zh. Strukt. Khim1964 5 (2), 250-256.
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Figure 3. Geometry of the anion and numbering of the atoms.
Ellipsoids are as in Figure 2.

the anion. They are evidence for the occurrence of structural
changes induced by the laser light.

Refinement of the parameters of the metastable state MS
requires the inclusion of both ground-state and excited-state
components, since only a portion of the molecules in the crystal
are excited. The appropriate structure factor expression is

Figure 2. Packing diagram of the structure. 50% probability ellipsoids

are shown. _
F=(@1- P)ng,[Ru(Nq)‘l(OH)(NO)]Z* +
Table 2. Atomic Fractional Coordinates and Isotropic Thermal PE +F
Parameters for Ground-State[Ru(NO,)s(OH)(NO)] at 50 K ms, [RU(NQ)4(OH)(NO)P2- rest
atom X y z Uso (A?) where gs and ms represent the ground and metastable states,
Ru 0.09626(1) 0.20951(1) 0.25470(2) 0.00352(5) respectively,P is the metastable-state population, and the

K(1) 0.22259(4) 0.86108(4) 0.26865(7) 0.0081(1) subscript “rest” represents the potassium ions, which are not
K(2) 0.12346(3)  0.53685(4) 0.24507(6)  0.0063(1)  involved in the excitation.

N(1) 0.0123(1)  0.0955(2) 0.2088(3)  0.0072(5) : : )
N(2) 0.2216(1) 0.1430(2) 0.1022(3) 0.0069(5) To obtain the structure of the excited state, the ground-state

N(3) —00227(1) 0.2893(2) 0.4027(3)  0.0059(5) [Ru(NO,)4(OH)(NO)JZ~ anion was assigned a populati_on of
N(4) 0.0413(1) 0.2858(2) —0.0024(2) 0.0063(5) 84%, based on the DSC experiments, and treated as a rigid body
N(5) 0.1585(1)  0.1298(2) 0.5058(3)  0.0060(5) which was allowed to rotate around three perpendicular axes.
0(1) 0.1895(1)  0.3302(1) 0.3268(2)  0.0067(4)  Positional parameters of the remaining 16% of the atoms
8(3) 8-3322(? 8-%22(? 8-8222(3) 8-8833(? constituting the excited anion were allowed to refine. In this
O% 0.17878 0'03148 0'49458 0'01098 refinement the temperature factors of the excited-state atoms
o(5) 0.1773(1)  0.1778(2) 0.6601(2) 0.0096(5)  Were fixed at their ground-state values. Positional and thermal
O(6) —0.0966(1)  0.2357(2) 0.4709(2)  0.0095(4) parameters of the cations were also included in the refinement.
O(7)  —0.0214(1) 0.3891(2) 0.4206(3) 0.0124(5) The structure was refined ® = 0.025 andR, = 0.028. The

O(8)  —0.0189(1)  0.2347(2) —0.1196(3)  0.0097(4) highest remaining peak in the difference Fourier synthesis was
8(% 8'8§gg(21) 8'31?12(22) 70'81292,1(5)3 0'8%1131(5)5 0.55 e/, and the deepest minimum wa<.53 e/&. Cor-
H( ) 0:252(38) 0_'315(3()) o.'300(5() ) 0_614(1(1)) relation coefficients did not exceed 0.7 in the last cycle of the

refinement. Final positional and thermal parameters of the
structure was refined by full-matrix least squares (LS) with excited-state structure from this refinement are listed in Table
anisotropic temperature parameters for all non-H atoms, to give 3: 1he bond lengths and angles of the ground- and excited-
final agreement factors oR = 0.026, Ry = 0.029. Final state structures are sum_mar_lzed in Table 4. Changes upon
positional and isotropic temperature parameters obtained are'rraéd'at'on areflllﬁlstrr]ated |nIF|.gure i o g
listed in Table 2, while bond lengths and angles from both elca;yse ?th 'gn dcgrrs atlogsth etvve.etz.n tle grount -statfe
experiments are presented in Table 4. The highest residual pealPOpu ation of the rigid body and the positional parameters o

the excited state Ru atom, it is not possible to determine the

in the difference Fourier synthesis is 0.32 /8.6 A from the ) . .
position of the potassium ion, and the deepest minimurrDigt pc;pulatlon of M$ in the mixed-state crystal by least-squares
! refinement.

e/A3, 0.7 A from the position of the ruthenium atom. A packing
diagram of the structure is presented in Figure 2, while the piscussion

numbering of the atoms and the anion geometry are given in
Figure 3. Geometry Changes. Our results on the geometry of the

[RU(NO,)4(OH)(NO)JZ~ anion in the ground state at 50 K are
in good agreement with those from the previous room-
temperature study of NERU(NO,)4(OH)(NO)]:2H,0.22 Ex-
amination of the Cambridge Structural Data Base shows the
Ru—N(1) and N(1)-O(10) distances and RN(1)-O(10) angle

to be in the typical range for ruthenium mononitrosyl complexes.

Structure of the First Metastable State. Starting positions
for all atoms were taken from the ground-state structure. In
the first stage only the scale factor was refined to give the
agreement factork = 0.046, Ry = 0.050. Subsequent
difference Fourier maps showed several new residual features
ranging from a maximum of 4.4 e?&o a minimum of—3.84
e/A%, both 0.25 A from the position of the Ru atom (Figure 4). (52) Blake, A. J.; Gould, R. O.; Johnson, B. F. G.: Parisini, Ata
Similar but smaller features are found near the other atoms of Crystallogr. 1992 C48 982—984.
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Figure 4. Difference Fourier map in a section parallel to tieplane through the position of the Ru atom (indicated by *). Contour levels are at
0.4 e A3 negative contours, dotted; zero contour, omitted. Panel a shows the ground state and panel b shows the excited state of the crystal with
the anion based on ground state parameters subtracted.

Table 3. Atomic Fractional Coordinates and Isotropic Thermal
Parameters for the First-Excited-Statd Ru(NO,)4(OH)(NO)] at 50

K

atom X y z Uso(A2)
Ru 0.10051(6) 0.21115(7)  0.2557(1) a
K(1) 0.22218(3) 0.86093(3)  0.26825(6)  0.0082(1)
K(2) 0.12343(3) 0.53671(3)  0.24479(6)  0.0063(1)
N(1) 0.0104(9)  0.0917(9) 0.2107(16) a

N(2) 0.2216(8)  0.1423(9) 0.107(1) a

N(3) —0.0168(7)  0.2938(9) 0.403(1) a

N(4) 0.0438(8)  0.287(1) —0.003(1) a

N(5) 0.1593(8)  0.131(1) 0.504(1) a

o) 0.1950(7)  0.3311(8) 0.322(1) a

o() 0.2190(9)  0.0422(9) 0.067(1) a

o@) 0.2963(7)  0.197(1) 0.046(1) a

o(4) 0.1744(9)  0.0314(9) 0.500(2) a

o) 0.1857(7)  0.179(1) 0.659(1) a

0(6) —0.0925(7)  0.237(1) 0.468(1) a

o(7) —0.0170(9)  0.390(1) 0.423(2) a

o@8) -00162(7) 0.231(1) -0.119(1) a

0(9) 0.0699(9)  0.378(1) —0.049(2) a

0(10) -0.033(1)  0.011(1) 0.204(2) a

H a a a a

a Parameter kept constant at ground-state value.

Changes which occur in the geometry of the anion upon
excitation to M3 are comparable to those found for the

[Fe(CN)(NO)]2~ anion. The elongation of the RtN(1) bond

by 0.097(11) A is twice that for SNP, for which we found values
of 0.049(8% and 0.053(6) & As mentioned earlier, the excited-

state population could not be refined directly from the diffraction
If the excited-state population would be significantly

data.

different from the 16% determined by DSC, the-Rw(1) bond
length is affected, as confirmed by a series of refinements with  O(8)—N(4)—0(9)
different (constant) excited-state populations. In Figure 6 the O(4)~N(5)—0O(5)
Ru—N(1) bond length is plotteds the excited-state population
used in the refinement. As can be seen from this graph, a largeatom in the isonitrosyl structure.
Ru—N(1) bond elongation can be the result of underestimation
of the population of M@ However, a change in the RIN(1)
distance of 0.05 A, as observed for-A¢ in SNP, would

correspond to a population of 36%, which can be ruled out.

Table 4. Bond Lengths (A) and Angles (deg) for Ground-State and
MS;: Ko[Ru(NG,)4(OH)(NO)] at 50 K

excited state

bond ground state ReN—-O Ru-O—N
Ru—X(1)2 1.768(2) 1.865(11) 1.868(9)
Ru—N(2) 2.095(2) 2.051(11) 2.047(11)
Ru—N(3) 2.089(2) 2.088(10) 2.084(10)
Ru—N(4) 2.093(2) 2.110(11) 2.107(11)
Ru—N(5) 2.105(2) 2.079(11) 2.079(11)
Ru—0(1) (OH) 1.933(2) 1.927(10) 1.923(10)
N(1)—O(10) (NO) 1.144(3) 1.137(17) 1.130(17)
N(2)—0(2) 1.234(3) 1.268(16) 1.283(17)
N(2)—0(3) 1.242(3) 1.239(15) 1.233(15)
N(3)—0(6) 1.244(2) 1.272(15) 1.273(15)
N(3)—0(7) 1.239(3) 1.194(17) 1.200(17)
N(4)—0O(8) 1.242(2) 1.268(15) 1.260(16)
N(4)—0(9) 1.239(3) 1.209(18) 1.221(18)
N(5)—0(4) 1.244(3) 1.243(18) 1.236(18)
N(5)—0(5) 1.232(3) 1.252(15) 1.251(15)
O(1)-H 0.83(4)

excited state

angle ground state RN—O Ru—O—N
Ru[N(1)-0(10)] 174.0(2) 169(1) 169(1)
Ru—O(1)-H 108(2)
X(1)—Ru—N(2) 92.42(8) 92.1(5) 92.2(4)
X(1)—Ru—N(3) 92.26(8) 92.4(5) 92.4(4)
X(1)—Ru—N(4) 92.68(8) 92.6(5) 92.5(5)
X(1)—Ru—N(5) 87.68(8) 86.5(5) 86.2(5)
X(1)—Ru—0(1) 175.27(8) 175.8(5) 175.4(4)
N(2)—Ru—0(1) 89.07(7) 89.2(4) 89.1(4)
N(3)—Ru—0(1) 86.41(7) 86.5(4) 86.5(4)
N(4)—Ru—0(1) 91.86(7) 91.5(4) 92.0(4)
N(5)—Ru—0(1) 87.85(7) 89.5(4) 89.3(4)
O(2)—-N(2)—-0(3) 119.6(2) 118(1) 118(1)
O(6)—N(3)—0(7) 119.8(2) 119(1) 119(1)

119.4(2) 119(1) 120(1)
119.7(2) 117(1) 116(1)

a X represents a nitrogen atom in the nitrosyl geometry and an oxygen

A decrease in thé]Ru-(N—O) angle from 174.0(2) to 169-
(1)° is observed. The tendency for such bending has been
observed previously for SNP and was explained by a lifting of
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Figure 7. ORTEP drawings of the RtNO (left) and Ru-ON (right)
models for the M$excited state, showing the differences in the nitrosyl
. . thermal parameters. Thermal parameters for the other atoms are the
Figure 5. Changes of the structure of the [Ru(jQOH)(NO)F~ anion same as those for the ground-state molecules. 50% probability ellipsoids
upon excitation: dashed lines, ground state; full lines, excited state. gre shown. The hydroxyl hydrogen atom has been omitted.
For illustration purposes, all changes have been magnified by a factor
5. Table 5. Isotropic “Thermal” Mean-Square Displacements)(for
Nitrosyl Atoms in the Excited State for the RWO and Ru-ON
2.0 Models

excited state
atom ground state ReNO Ru-ON

“l N 0.0072(5) 0.0037(13) 0.015(2)
1.85 e o} 0.0141(5) 0.022(2) 0.008(1)

[Te]
w
gt

O
5

Ru - N bond length, A

state component of the anion and both cations are subtracted
* from the total density. The peak heights at the proximal and
0 5 10 15 20 25 30 35 40 terminal atom of the nitrosyl group are 1.62 and 1.248eA
excited state population, % respectively, indicating the atom closest to Ru to have the larger
Figure 6. Ru—N bond lengthvs excited state population used in the atomic number. These results imply that the first metastable
refinement of the excited-state structure. The * in the lower left corner state is a geometrical isomer in which the NO group is inverted
marks the ground-state bond length. relative to the ground-state structure. Evidence supporting this

the degeneracy of the 7e level, antibonding with respect to the conclusion comes from both the X-ray and neutron studies on
M—N and N-O bonds, as a result of a Jakfeller distortion sodium nitroprusside (SNP) and is briefly summarized here: (a)
arising from the population of a degenerate electronic 4tate. the valence-shell populations obtained in an electron density
An elongation of the N-O bond, expected from the shift of ~ refinement of the excited state using 138 K data, reported
the stretching frequency of (NO) from 1886 to 1772 ¢nn earlier? show valence-electron populations of 5.9(3) on the
MS,, was not observed either in SNP or in the present study, Proximal and 5.0(4) on the distal atom, opposite to what is found
even though Badger's ri#éhas been used to predict a change for the ground staté{b) as in the current study, for the excited
of 0.024 A upon excitatioR* Either Badger's rule is not  State of SNP, but not for the ground state, the peak heights in
applicable in this case, or the shift must be explained in an & difference map are higher for the proximal atom than for the
alternate way. terminal aton®, and (c) as in the current study, the anomaly for
New Interpretation of the MS; Excited State. Though the the mean-square vibrations of the excited-state nitrosyl atoms
excited states of the nitrosyl complexes have been described aglisappears when the isonitrosyl geometry is adoptéh the
electronically-excited states in the literature, there is an alterna-other hand, in a previous neutron diffraction study based on
tive explanation which is supported by our experiments. When the nitrosyl geometry, the thermal parameters of the excited-
the excited-state refinement is modified by allowing variation Staté species are reported totbgherfor the proximal than for
of isotropic temperature parameters of the excited-state N andthe terminal (NO) atom, indicating that the scattering power of
O atoms of the nitrosyl group, the value for oxygen is found to the distal atom had beemerestimated?* Since the neutron
be more than 4 times that of the nitrogen atom, indicating that Scattering amplitude for No(= 9.36 fm) is larger than for Ch(
the scattering power of the proximal atom of the nitrosyl group = 5-80 fm)?* the result is readily understood in view of the
is underestimated and/or that of the terminal atom is overesti- iSonitrosyl geometry of Mgand thus confirms the conclusions
mated. In an anisotropic refinement, excited-state nitrosyl Of the X-ray studies.
nitrogen thermal parameters become nonpositive definite. Bond lengths and angles for the isonitrosyl structure have
However’ an interchange of N and O produces very reasonablebeen included in.Table 4. We note that the observed decrease
mean-square displacements, with the terminal N atom having a0f the NO stretching frequency by 114 chi®referred to above,
mean-square displacement comparable to that of the oxygeniS similar to that observed for the analogous isomerization of
terminal atom in the ground state, as given in Table 5 and trimethylsilyl cyanide to trimethylsilyl isocyanid@and thus is
illustrated in Figure 7. in agreement with the linkage-isomer concept.
The same indication is obtained by examination of the peak  The change in metainitrosyl ligand distance upon light

heights in a difference Fourier map in which the 84% ground- irradiation is in the direction expected on the basis of linkage
isomerism. While the shortest Ritwo-coordinate N) distances

(23) Hershbach, D. R.; Laurie, V. W. Solid State Phy4.961, 35, 458—

463. (25) International Tables for CrystallographKluwer: Dordrecht, 1992;
(24) Rudlinger, M.; Schefer, J.; Chevrier, G.; Furer, N.; Gudel, H. U.; Vol. C, p 384.
Haussul, S.; Heger, G.; Schweiss, P.; Vogt, T.; Woike, Th’jlZer, (26) Booth, M. R.; Frankiss, G. SSpectrochim. Actd97Q 26A 859—

H. Z. Phys.1991 B83 125-130. 869.
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in the compounds listed in the Cambridge Structural Data Baserather a geometric isomer formed by recombination of an
cluster around 1.74 A, the shortest comparable-Rulistances initially dissociated nitrosyl group. This model also gives an
are typically 1.88 A, which indicates that the RO distance explanation for the unusually long lifetime of the metastable
of the inverted model falls in an acceptable range of distancesstate, which cannot be understood on the basis of the small
between the two atoms. geometry changes alone.

Finally, we note for completeness that our analysis of the .
excited Ztates of SNP showsl? the second metastableystate of SNP .Ac.kn.ovx{ledgment. We thank Dr. M. R. Pressprich fOI: help
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The geometry changes upon excitation ffu(NO,)4(OH)- knowledged.

(NO)] are qualitatively the same as those observed for sodium
nitroprusside, but with a significantly larger elongation of the ~ Supporting Information Available: - Listings of anisotropic thermal
M—NO (M = Fe, Ru) distance. As for sodium nitroprusside, parameters for the ground state structure and structure factor statisFics
the X-ray analysis provides evidence that the first photoinduced " the both ground- and excited-state data sets (3 pages). Ordering
metastable state of the transition metal nitrosyl complexes is information is given on any current masthead page.

not an electronically excited state as generally assumed but isIC9607144



