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The nitridorhenium(V) complexes ReNCI,(PCys), (1), ReNBra(PCys), (2), ReNCly(PPhs), (3), and ReNBry(PPhs),
(4) produce structured emission spectra upon excitation at low temperature. The origin, Eq, occurs at 15 775,
16 375, 15 875, and 16 300 cm™*, respectively. The vibronic peaks are regularly spaced with an average energy
separation corresponding to the Re=N stretching frequency. The nitridorhenium stretching frequency ranges from
1095 to 1101 cm™1, as determined by Raman and IR spectroscopy. The excited-state distortions are calculated by
fitting the emission spectra. The excited state arises primarily from a dy, (ReN nonbonding) to dy, (ReN sz antibonding)
transition. The rhenium—nitrogen bond length in the excited state is 0.08 A longer than in the ground electronic
state, which is consistent with the difference in bond lengths of ReN bonds of bond order 3 and bond order 2.5

as determined from molecular structures.

1. Introduction

The high prevalence of R&l compounds combined with

Metalligand bond length changes in electronic excited the rich photochemistry of isoelectronic \Oy**™** and

states can be determined from analysis of vibronic structure

in the electronic spectr It is of interest to determine how

Re'0?%22 compounds prompted us to explore the photo-
physics of simple nitridorhenium compounds of the formula

large a bond length change can occur in excited states thafRENXe(PRy)2 (X = CI, Br; PRy = PPh, PCys).

weaken the metalligand bond. Metatnitrido complexes

that formally contain a triple bond in the ground state may
undergo bond weakening in excited states. These complexes
are of current interest as possible nitrogen atom transfer

agent$1°and in investigations of nitrogen atom activatiéri?

X//“"R oWPR3

s

The series of compounds investigated all produce struc-

* To whom correspondence should be addressed. E-mail: zink@chem. tured emission spectra upon excitation at low temperature.
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and some have been observed to produce vibronic struc-of 4, did not yield the desired complek but instead afforded a
ture122325 The structure has been assigned to the ReN purple solid assigned as ReO(OEHEICY;),. >

vibration122325hut the excited state has never been analyzed. Dichloronitridobis(tricyclohexylphosphine)rhenium(V) (1).
Detailed assignments of the modes involved in the emitting Under argon, tricyclohexylphosphine (1.29 g, 4.6 mmol) was added

state will allow for an estimate of the ReN bond length t© complex3 (0.5 g, 0.62 mmol) in dry benzene (25 mL). The
change in the excited state. solution was refluxed for 16 h. The solvent was removed under

. . . ) i vacuum, affording an oil, which was rinsed with hot 95% ethanol
Five-coordinate nitridorhenium(V) complexes spatially o yield an orange-red precipitate. The solution was filtered and

isolate the ReN along one axis with no ligands in the trans (insed with hot 95% ethanol to yield a yellow filtrate and an orange-
position. These complexes utilize bulky monodentate phos- red solid, which was air-dried. Yield 91%H NMR (CD,Cl,): ¢
phines (such as triphenylphosphine) or bidentate phosphinesl.23 (m, 18 H), 1.52 (m, 12 H), 1.71 (m, 6 H), 1.81 (m, 12 H),
to maintain a distorted square pyramid geométaf How- 2.08 (d, 12 H), 2.61 (m, 6 HY:3C NMR (CD,Cl,): ¢ 26.64 (s),
ever, phenyl modes from the phosphines appear in the27.96 (t), 29.71 (s), 31.48 (f}'P NMR (CD,Cly): 6 23.29. Anal.
vibrational spectra in the same range as the ReN stretch,Calcd for ReNGIP,CseHgs: C, 51.97; H, 8.00; N, 1.68; Cl, 8.28;
making a conclusive assignment impossible in many cases.P: 7-45. Found: C, 53.59; H, 8.13; N, 1.39; Cl, 7.53; P, 7.22.

A series of compounds were investigated to identify the Dibromonitridobis(tricyclohexylphosphine)rhenium(V) (2).

: . . . Under argon, tricyclohexylphosphine (186 mg, 0.66 mmol) was
ligand m in the ReN vibrational fr ncy range.
gand modes in the Re brational frequency range added to comple® (107 mg, 0.12 mmol) in dry toluene (25 mL).

In this paper, we report the synthesis and investigation of ¢ soiytion was refluxed for 16 h. The solvent was removed under
four nitridorhenium(V) compounds, ReNfPRs)2 (X = Cl, vacuum, affording an oil, which was washed with hot 95% ethanol
Br; PRs = PPh,PCy). We examine the excited state and to yield an orange-red precipitate. The solution was filtered, and
explain the observed energy trend using a molecular orbital the solid was rinsed with hot 95% ethanol. The solid was dissolved
analysis. We assign the frequency of the rheniunitrogen in diethyl ether, and hot 95% ethanol was added until the pink
(ReN) stretch by comparison of the vibrational spectra. The product precipitated. The product was vacuum-filtered and rinsed
low-temperature emission spectra are calculated using thewith hot 95% ethanol, then dried in air. Yield 38%i NMR (CD.-
time-dependent theory of spectroscdgyAn upper limit ~ Cl2: 01.22(m, 18 H), 1.51 (m, 12 H), 1.70 (m, 6 H), 1.82 (m, 12

of the excited-state bond length change is determined from H), 2.12 (d, 12 H), 2.87 (m, 6 H)lfc NMR (CDCl): 0 26.69
the fitting parameters. (s), 28.03 (1), 30.13 (s), 32.01 (P NMR (CDCl,): ¢ 21.31.

Anal. Calcd for ReNBiP,CseHgs: C, 46.95; H, 7.22; N, 1.52; Br,

. . 17.35; P, 6.73. Found: C, 48.17; H, 7.53; N, 1.65; Br, 17.58; P,
2. Experimental Section

6.85.
(a) Syntheses and Characterization.All reagents except (b) Luminescence SpectroscopyEmission spectra were ac-
tricyclohexylphosphine and triphenylphosphine were purchased quired from solid samples in capillary tubes at 15 K. An Air
from Aldrich Chemical Co. Tricyclohexylphosphine (Pg$ywas Products displex closed-cycle helium refrigerator provided low

purchased from Strem Chemicals, Inc., and triphenylphosphine temperature. An Ar ion laser at 514.5 nm wavelength or a Kr ion
(PPh) was purchased from Acros Organics. Unless otherwise stated,/aser at 351.5 nm wavelength was used for excitation. A Spex 1702

all chemicals were reagent grade and used without further purifica- Single monochromator equipped with an S1 photomultiplier tube
tion. Benzene and toluene were dried by distillation over calcium and Stanford Research Systems SR400 photon counter collected

hydride. All H, 13C, and3P NMR spectra were recorded on a and detected the signal. All data were corrected for instrument
Bruker AXR 400 spectrometer. In all cases the solvent wag-CD €Sponse.

Cl, and3!P chemical shifts are relative to 85%MPD;. Elemental (c) Vibrational Spectroscopy. Raman spectra were acquired
analyses were performed in duplicate by Desert Analytics Labora- Utilizing KCI pellets with a complex-to-salt ratio of 1:5. A Spex
tory, Tucson, AZ. 1401 double monochromator collected scattered light at a back-

Complexes3 and 4 were synthesized according to literature ~ SCattering geometry to reduce self-absorption. An RCA C1304
procedureg& 2 characterized bjH NMR, 3P NMR, and elemental photomultiplier tube connected to a Stanford Research System
analysis, and found to be of high purity.Complex 3 was SR400 photon counter detected the signal. An Ar ion laser at 514.5
synthesized from the reaction of ReQEPh), with phenylhy- nm wavelength was usec_;l for preresonance excitation. All infrared
drazine hydrochloride in ethanol/water solutf§nHowever, at- spectra were acquired with a Jasco model 420 FTIR spectrometer,
tempts to produce complekfrom the analogous procedure using USing KBr pellets.

ReOBg(PPh),3! with various hydrazinium salts proved to be

unsuccessful. Thus, following the procedure developed by Chatt 3. Results
and Rowe, ReNB(PPh), was synthesized from rhenium(VI|) (a) Emission SpectroscopyEmission spectra observed
oxide with excess PRand hydrazine hydrobromidé. at 15 K for complexesl—4 are shown in Figure 1. The

Both complexed and2 were produced by phosphine exchange  gpectrum for complexl contains vibronic structure with

from complexes and4,. respectively. .The reaction of KRe@ith _ peaks at 15 775, 14 725, 13 725, and 12 35000 cnr?,
excess PGyand hydrazine hydrochloride, analogous to the synthesis

(30) Characterization for compouddH NMR (CD.Cly): 6 7.44 (m, 18

(26) Yam, V. W.-W.; Tam, K.-K.; Lai, T.-FJ. Chem. Soc., Dalton Trans. H), 7.70 (m, 12 H).3'P NMR (CD:Cly): 6 24.78. Anal. Calcd for
1993 651. ReNCbP,CseHzo: C, 54.34; H, 3.80; N, 1.76. Found: C, 54.20; H,
(27) Zzink, J. I.; Shin, K.-S. Klnorg. Chem.1989 28, 4358. 3.69; N, 1.51. Characterization for compoufdH NMR (CD.Cly):
(28) Sullivan, B. P.; Brewer, J. C.; Gray, H. Borg. Synth.1992 29, 0 7.43 (m, 18 H), 7.80 (m, 12 H}!P NMR (CD;Cly): ¢ 24.20. Anal.
146. Calcd for ReNBsP,CzeHzo: C, 48.88; H, 3.42; N, 1.58. Found: C,
(29) Chatt, J.; Garforth, J. D.; Johnson, N. P.; Rowe, GJAChem. Soc. 49.16; H, 3.41; N, 1.63.
1964 1012. (31) Chatt, JJ. Chem. Socl962 4019.
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Figure 1. Emission spectra of nitridorhenium(V) complexes (1) ReNiBCys),, (2) ReNBE(PCys)2, (3) ReNChL(PPh),, and (4) ReNB#(PPh); in the
solid state at 15 K. All spectra are corrected for instrument response.

with the maximum intensity at the second peak and an | PCy, PPh,
average spacing of 107% 100 cnt®. The spectrum for L L
complex2 contains vibronic structure with peaks at 16 375, -
15 325, 14 250, and 13 225 100 cn1?, with the maximum L
intensity at the second peak and an average spacing of 1075 B
+ 100 cnt, ] N

(1

Complexes3 and4 emit at room temperature as well as
at low temperature. Both complexes display vibronic struc- L
ture at the high-energy side of the spectrum and a broad 7

unresolved band on the low-energy side that changes L i

intensity as the excitation wavelength changes. The spectrum

for complex 3 contains vibronic structure with peaks at o L | @) L

15 875 and 14 80& 100 cnt* and a spacing of 1075 @ |

100 cml. The spectrum for comple# contains vibronic i

structure with peaks at 16 300 and 15 28000 cnt? and . B
T T T

a spacing of 1106 100 cnt?.

T T T
(b) Vibrational Spectroscopy. All vibrational spectra 950 1000 1050 1100 1150950 1000 1050 1100 1150

shown were acquired from solid samples at room tempera- Raman Shift ") N Raman Shift (o L

ture. The preresonance Raman spectra i the region betweefjlre, 2. Raman specta of nirdarberium(y) conpleses and fee
950 and 1150 cmt are shown in Figure 2. Multiple peaks  complexes are (1) ReNEPCys)z, (2) ReNBB(PCys)s, (3) ReNCh(PPH)»,
appear in the spectra. The Raman spectra of compléxes and (4) ReNBi(PPh)..

and2, containing PCy, have peaks at 1026, 1048, and 1099
+ 4 cnvl. The spectra of complexe®and 4, containing
PPh, have peaks at 998, 1027, and 1@9% cnT™. The IR (@) Interpretation of Emission Spectra. The four com-
spectra for complexe$—4 all possess one intense peak at plexes in this study produce a red emission with vibronic
1098 + 3 cntl. The vibrational frequencies and their structure upon excitation at low temperature. The first peak
assignments are summarized in Table 1. in the progression from each of the complexes is within 600

4. Discussion

Inorganic Chemistry, Vol. 41, No. 7, 2002 1757
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Table 1. Raman Vibrational Frequencieand Assignments Table 2. Orbital Energy Diagram for ReNXPRs)2 (X = Cl, Br; PRs
- = PPh, PCy) with Angular Overlap Model Calculation Results
ReNCL(PCy)2 ReNBr(PCys), assignment
1098 (110%) 1099 (1108) v(ReN) , , _
1048 1046 PCy rin g Orbitals Bonding Atoms Involved AOM Energies
1026 1026 PCy ring - ) d,=1, +050, 1050,
_ — & o xeo |- e, :
ReNCL(PPh), ReNBp(PPh), assignment /Re\
R3P X
1097 (1098) 1093 (10986) v(ReN) and PP§q X-sens X, PR d =150 +15¢
1026 1027 PPhb B(C—H) I o* ,Re\ Ryt e DT Oy
999 998 PPH pring RaP X
a|n units of cnTl. Experimental uncertainty of all frequencies4< sl d_=t_ +2f,
cmL. PR frequency for ReN mode. “Re R ¥
dxz n* \x
cm! of the others, suggesting that there is a common |” R Py
ey . . a0 =
emitting state. The absorption spectra contain a shoulder at —— = n* S o ey T
R;P

18 000-20 000 cm. Since the rise of the shoulder overlaps
with the first progression of the emission spectra, the emitting % dxy  monbonding
state is the same as the lowest absorbing state, as expected

in condensed media. In all four complexes, the metal is in a pentavalent

A singl_e progression of b_road peaks is observed in all 4 iqation state with a delectronic configuration. Thexgd
spectra with an average spacing between 1075 and 1100 cm g picaiis the HOMO, and the,gis the LUMO. The lowest

and with an experimtlantal uncertainty in choosing the peak oo rqy transition involves promotion of an electron from the
maxima of+100 cn*. These values are within tz:éf;‘?ge ReN nonbonding g to antibonding ¢ orbital. The oc-
ofrhenium-nitrogentriple bonds reportedinthe literattfe: cupancy of the antibonding orbital reduces the net bonding

A second band that is structureless and more intense OVelyanveen the rhenium and the nitrogen, from a formal bond
laps the structured emission in complegend4. The com- order of 3 to 2.5. The ReN bond \’Neakens the bond

pounds were recrystallized, but the structureless emissiongahens, and the bond length change in the excited state is
was not eliminated. The relative intensities of the two emis- expected to be positive.

sions change with the energy of _expitation. These results Although this transition is mainly metal-centered, the
sgggest tha_t the stru_cturel_ess emission could be causeq b}éharacter of the LUMO leads to a significant increase in
either a luminescent impurity that is still present after multi- electron density on the nitrogen in the excited state. The

ple recrystallizations or by a second emitting state. The ex- nitrogen becomes more nucleophilic. This effect has been

periments done to date have been inconclusive. This ISSU€ hserved in another ReN complex: the excited state was

Yfound to be more basic than the ground state toward acid
" protonationt3
" Explanation of Trends in Energy of the Transition. The
AOM calculations predict a change in the transition energy
with halide substitution and lack of a significant energy
change upon substitution of the phosphine ligands. The
change in energy for thedto d,, transition contains only
terms for the ReN and the ReX interactions (neglecting
electron repulsion) because the RglR#ms cancel outAE
= |5, — 2l4,. Accordingly, the halide substitution changes
the energy of the transition, while the phosphine substitution
leaves it unaffected. The results are not substantially changed
when the distortion of compleR from a square pyramid
is included in the AOM analysis. If the reported experimental
angles® are used, the\E of the transition changes froiq,
— 2l to Iy, — 1.54,, — 0.13,,.., + 0.13l,., The small
coefficients for the phosphines do not alter the conclusion.
The energy of theey transition decreases by 42500
cm ! when Cl replaces the Br ligand. This is consistent with
Cl as a betterr donor than BE* The betterr donation
destabilizes the filled g orbital and decreases the energy of
the transition. In contrast, there is only a small change-(75
100 cnm?) in the energy of the transition when the alkyl-
phosphine is substituted by a bettemaccepting arylphos-

d, =20, +2¢,

to the determination of the ReN bond length change by analy
sis of the vibronic structure. The highest energy vibronic
peaks in all the spectra are at about the same energy. Fo
complexes3 and4, only the first two vibronic peaks on the
high-energy side of the spectra are analyzed in the following
discussion.

Although the progression in the emission spectra for all
four complexes is dominated by one normal mode, the peaks
are broad and the vibrational frequency that determines the
spacing can only be defined with an accuracy-d00 cnr™.

To fit the spectra, the vibrational frequency must be defined
more accurately.

(b) Nature of the Emitting State. Ligand Field Calcula-
tions. The orbital energy level diagram with the ordering of
the orbitals similar to that reported in the literature is shown
in Table 21213 The angular overlap model (AORDfor a
square pyramid complex of the form M(E)has been shown
in the literature’® When the general formula ReNPR)»
is used, the degeneracy of thg and d, orbitals is broken
by the trans arrangement of the phosphine and halide ligands
Since typicall; values for halides are larger than those for
phosphine¥ and the halide ligands are defined as being on
the x axis, the ¢, is higher in energy than thg,trbital.

(32) Larsen, E.; La Mar, G. NJ. Chem. Educl1974 51, 633.
(33) Miskowski, V. M.; Gray, H. B.; Hopkins, M. DAdv. Transition Met. (34) Chang, T.-H.; Zink, J. 13. Am. Chem. S0d.987, 109, 692.
Coord. Chem1996 1, 159. (35) Doedens, R. J.; Ibers, J. korg. Chem.1967, 6, 204.
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phine. This supports the prediction th&E consists mainly

of 1, and 2., terms, which confirms the arrangement of

the ligands and the assignment of the HOMO and LUMO.
(c) Assignment of Rhenium-Nitrogen (ReN) Stretching

parameters in addition tA that are required to calculate a
spectrum: the electronic origitkqp), the vibrational stretch-

ing frequency @), and the phenomenological dampifdg.(

The Eq is obtained from the first peak in the progression,
Mode in Raman and IR Spectra. The range of reported the ReN vibrational frequenay is obtained from the Raman
nitridorhenium bond stretching frequencies is 160200 and IR spectra, and the vallieis obtained from the width

cm 1122226 However, the assignment of the ReN stretching of the vibronic bands. The distortiok is varied to obtain a
frequency is complicated by the interference of modes from best fit to the experimental spectrum. The emission spectra
the other ligands. Only the ReN bond is common to the four with calculated spectra overlaid are shown in Figure 3, and
complexes under investigation; the other ligands are commonthe parameters used in the calculations are given in Table 3.
to two complexes each, allowing for the identification of The excellence of the fit based on one mode indicates that

their modes. Bulky phosphine groups were selected to isolatethe ReN mode distortion is the dominant distortion. Normal

the ReN spatially along one axis with no ligand trans to it.
The ReN stretch is allowed in both IR and Raman spectro-
scopy, making both of these spectroscopies useful in
determining the mode.

The peaks in the Raman spectra (Figure 2) that are within
the literature range of the ReN stretéf? 26 are listed in
Table 1. The peaks at 1025 and 1045 &im the spectra of
complexesl and 2 are observed in the spectra of the free
PCy; ligand. The remaining peak at 1099 chis assigned
as the ReN stretching frequency. This assignment is con-
sistent with another five-coordinate nitridorhenium(V) com-
plex with two 2-(diphenylphosphino)phenolate ligardéls.
Assignment of the ReN vibration for complex@snd4 is

modes involving the other ligands will also contribute to the
spectrunt? A slightly better fit can be obtained by including
low-frequency metatligand modes with small distortions.
The inclusion of additional modes will at most decrease the
A ReN value by 2% for compounds and 2 and 5% for
compounds3 and4.

The excited-state ReN bond length changg if A is
calculated using the following equation

6=\/6.023>< 10° h

m 271Cw

x 10°A

wheremis the mass of the vibration in molecular mdsss

complicated by the appearance of three phenyl modes. Thes& /anck’s constant in g chis™, cis the speed of light in cm

modes at 998, 1027, and 1095 ¢nare assigned as a trigonal
ring breathing mode, an in-plane-G1 deformation mode,
and an X-sensitive mode, respectivélyThe X-sensitive
mode is accidentally degenerate with the ReN mode for
complexes3 and 4. Thus, the broad peak at 1095 th
contains overlapping ReN and the X-sensitive phenyl vibra-
tions.

The IR spectra for the four complexes contain many peaks
derived from the phosphine ligands. These ligand modes

s, w is the frequency of the vibrational mode in thhand
A is the dimensionless distortion along the normal coordinate.
The dimensionless distortions calculated from fitting the
emission spectra range from 1.80 for completo 2.04 for
complex2. If the normal coordinate is assumed to be for
the pure ReN stretch and the normal mass is the mass of the
nitrogen atom, the calculated bond length change for the ReN
bond ranges from 0.084 for complek to 0.095 A for
complex2. The changes are summarized in Figure 4. These

presumably have smaller changes in the dipole moments tharfanges are similar to that found in [OsNX by Franck-
the ReN mode. Under this assumption, the ReN stretch Condon calculatioA? The values are upper limits because

should be more pronounced in the IR spectra than the

inclusion of other atoms in the normal coordinate will

phosphine modes. The strongest band in the IR spectra O1distribute the distortion among other bonds. Additional atoms

complexesl and2 is at 1101 cm? and is not present in the
spectrum of the free PGyigand. It is assigned as the ReN
vibration. The spectrum of free Pfthoes contain a band at
1088 cn1?, but the most intense band in this region of the
spectra of complexe8 and 4 occurs at 1098 cmt and is

involved in the normal coordinate would increase the mass
involved in the vibration and decrease the bond length
change. The ReN bond in the compounds studied is spatially
isolated along an axis, limiting the involvement of the
perpendicular ligands in the stretching mode and in the mass

assigned as the ReN mode. The less intense bands aer the mode. Additional modes in the fitting calculation

attributed to the phosphine modes.

(d) Calculation of Excited-State Bond Length Changes.
The ReN bond length change in the excited electronic state,
A, is determined from the intensities in the vibronic
progression in the emission spectrum by using the time-
dependent theory of spectroscopy.*¢ There are three

(36) Whiffen, D. H.J. Chem. Socl1956 1350.

(37) Lee, S. Y.; Heller, E. 0. Chem. Phys1979 71, 4777.

(38) Heller, E. J.; Sundberg, R. C.; Tannor, D.Phys. Chem1982 86,
1822.

(39) Tannor, D.; Heller, E. 0. Chem. Phys1982 77, 202.

(40) Preston, D. M.; Shin, K. S. K,; Hollingsworth, G.; Zink, JJI.Mol.
Struct.1988 173 185.

(41) Larson, L. J.; Zink, J. llnorg. Chem.1989 28, 3519.

would reduce the dimensionless distortion of the ReN mode
and decrease the bond length change. The maximum error
associated with additional modes is 0.002 A for compounds
1 and2 and 0.005 A for3 and4.

The ReN bond distance is 1.60 A in complg¥% in the
ground state. Since the transition places an electron in the
ReN*, the bond length change is expected to be positive.
Therefore, the ReN bond length is 0.084 A longer in the

(42) Wexler, D.; Zink, J. I.; Tutt, L. W.; Lunt, S. Rl. Phys. Cheni993
97, 13563.

(43) Hanna, S. D.; Zink, J. Inorg. Chem.199§ 35, 297.

(44) Acosta, A.; Zink, J. 1J. Organomet. Chen1998 554, 87.

(45) Bitner, T. W.; Zink, J. 1.J. Am. Chem. SoQ00Q 122, 10631.

(46) Zink, J. I.Coord. Chem. Re 2001, 211, 69.

Inorganic Chemistry, Vol. 41, No. 7, 2002 1759



1m

Intensity (a.u.)

Bailey et al.

T T T | 1 I
18 17 16 15 14 .13 12
Wavenumber x10° (cm™)

1(3)

Intensity (a.u.)

T T T T
18 17 16 15 14 3 13 12
Wavenumber x10° (em™)

(4)

T T T T T |
18 17 16 15 14 _13 12
Wavenumber x10° (cm™

T T T T 1 T T
18 17 16 15 14 13 12
Wavenumber x10” (cm™)

Figure 3. Experimental (grey line) and calculated (black line) emission spectra of (1) RENTA)2, (2) ReNBp(PCy)2, (3) ReNCh(PPh),, and (4)
ReNBR(PPh),. The parameters used in the calculation of each spectrum are listed in Table 3.

Table 3. Parameters Used in Calculation of the Emission Spectra

parameter ReNGIPCy), ReNBL(PCys), ReNCh(PPh), ReNBi(PPh),

Ewo?(cmrl) 15775 16 375 15875 16 300
wbcm?y 1100 1101 1095 1097

T (cmrY) 290 280 300 240

A 1.80 2.04 1.80 1.80

aFrom emission spectré.From vibrational spectra.

3(A)  X= PR~

5 0084 Cl PCy,

0095 Br PCy,

XI/,-R g W\PR3 0084 Cl - PPhy

0.084 Br PPh,
v Ny, B Bt P
RsP X

Figure 4. Structure of ReNX(PRs), with the calculated ReN bond length

changes.

agreement shows that the bond order changes in the excited
states are consistent with a reduction from 3 to 2.5.

5. Summary

The five-coordinate nitridorhenium(V) complexes are
luminescent, and the spectra contain resolved vibronic
structure. Vibrational spectroscopy is used to assign the ReN
stretching frequency and to verify that the vibronic progres-
sion in the emission is attributable to the ReN stretch.
Angular overlap model calculations account for the emission
energy changes and are consistent with the assignment of
the emission as adto d, transition. The changes in the
ReN bond length in the excited electronic state are about
0.09 A and are consistent with a decrease in the ReN bond

excited state than in the electronic ground state, or ap-order.

proximately 1.68 A. Crystallographic determinations of ReN
bond lengths report that the difference between the bond
lengths when the bond order is 3 and 2.5 is approximately
0.082 A (bonds of bond order 3 have an average length of
1.633 A263547.483nd bonds between a bond order of 2 and
3 have an average length of 1.71%°4%%9. The good

(47) Forsellini, E.; Casellato, U.; Graziani, R.; MagonActa Crystallogr.

1982 B38 3081.

(48) Yam, V. W.-W.; Tam, K.-K.; Cheung, K.-KJ. Chem. Soc., Dalton

Trans.1996 1125.
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