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Solution spectroscopic and chemical behavior was examined in the case of the homoleptic hydridic anion of iron
[FeH]*~. Examination of the UV-visible spectrum in THF revealed a LMCT band which occurs a410°

cmt (e = 1200 L moit cm™1). A manifold between 470 and 500 nm was consistent with overlapping spin-
forbidden transitions?A 1 — 3Togand!Ag— 3T1g. The doubly spin-forbidden transitiohX15 — 5T,g) was not
observed. Spin-allowed ligand field transitiof&,q — 1T,g and*A;g— 1T14 occurred at 28.2¢(= 356 L mol*
cm) and 24.2x 10 cm! (e = 414 L mol* cm™), respectively. The latter data yielded the parametgrs

= 25 x 108 cm ! andB = 310 cnT?, assumingC/B = 4. Thus, the position of hydride was established in the
spectrochemical series of low-spinZeas well beneath cyanide (36 10° cm™1) yet well above bipyridine (18

x 10% cm™!). Titration of solutions of [Fel|[MgX(THF)2]s (1.2 x 1073 M), | (X = Cl, Br), with [MgCl;]
((1.8-45) x 1073 M) did not perturb the ligand field absorptions but caused a hypsochromic shift in the LMCT
band consistent with the formation of the less anionic polyhydride complefrom [MgX(THF),]* and
{[FeHe][MgX(THF) )3} ~, I, whereK; ~ (3 & 1) x 1073 (UV—visible). The!H NMR (1.2 x 1073 M, 25 °C)

in THF-dg displayed two hydride componentsdat-20.3 and—20.4 ppm (5.6:1). Coalescence of the two hydride
absorptions occurred near 40 and 200 MHz. Reaction dfwith 6LiOH (8 equiv) was found byLi{*H} NMR

to result in the replacement of the [MgXLnit in | with 6Li .

Introduction The position of the hydride ligand in the spectrochemical
series has remained an unresolved issue. An abbreviated order

Transition metal hydride compounds in which hydrogen is .o pe represented by the following sequehce:

the only ligandj.e.the homoleptic hydrides, are interesting from

several standpoints. First, the stoichiometric density of hydro- |- < g~ < 2~ < N, <F <OH < o < H,0 <

gen at the metal center is extremely high for such species, as,

for example, the 9:1 ratio which is seen in Ginsberg’'s nonahy- SCN <py<NH;<en< 5032* <NO, =hipy=

dride, Kj ReHg].! Further, they represent species which are

unambiguous examples of strictly transition metal hydride o-phen<CH; <Ph <CN <

bonding. A number pf these cpmpoun.ds.have accumulated constrained phosphites CO

which can be described as either principally covalent or

intermetallic complex hydride’. Wilkinson placed the hydride ligand at about the same level as
The soluble hexahydroferrate(ll) [FelMgX(THF) 74, |, has that of amminé&. Bancroft used indirect Mgsbauer data to

been prepared by S.G.G. and its structure characterized by X-rayposition the ligand at a level higher than or about the same as

and neutron diffractiod. These studies established the the that of cyanid€. Further, Chatt concluded that hydride and

existence of octahedral [FgH~ in which the short FeH bond methide occupied approximately the same posiiobnlike

(1.609 A) indicated a covalent bond. Four [MgX(THF)units earlier estimates, observation of the electronic absorption

were positioned in a tetrahedral geometry on alternate faces ofspectrum of in THF yields information on the purely hydridic

the [FeH]*4 octahedron. A long MgH bond (2.095 A) ligand field absorptions of [Fefif~. From these data, it is

indicated an ionic interaction. Magnetic susceptibility and possible to deduce the effects of the ligand field stabilization

Mossbauer measurements loastablished thdt was low-spin energy parameter\y-, on the octahedral environment of the

dé [Fe(I)].* Further, the present study takes the opportunity to ferrous ion. The position of the hydride ligand in the spectro-

study the solution spectroscopic and chemical properties of anchemical series is deduced thereby unambiguously.

example of this less ordinary class of compounds. Proton NMR is a sensitive probe of the environment of the
hydride ligand in solution and provides a picture of the solution
* To whom correspondence should be addressed. structure. One earlier report indicated a single line, consistent
llndiana Uni\;ersity-Purdue University at Fort Wayne. with a single octahedral compléX. Our recent data indicate
University of Victoria. ; ; ;
® Abstract published imdvance ACS Abstractsily 1, 1997. that two species are present, which are related by chemical
(1) (a) Ginsberg, A. P.; Miller, J. M.; KoubeKk. Am. Chem. Sod.961, exchange. ) ) ) )
83, 4909. (b) Abrahams, S. C.; Ginsberg, A. P.; Knox/harg. Chem. A goal of this study is to establish the relationship between
1964 3, 558. a strong-field ligand, like cyanide, which is capablemback-

(2) (a) Bringer, W.Angew. Chem., Int. Ed. Endl991, 30, 759. (b) Yvon,
K. Hydrides: Solid State Transition Metal Hydride Complexes. In
Encyclopedia of Inorganic Chemistriting, R. B., Ed.; Wiley: New

bonding, and the hydride ligand, which is capable of only

York, 1994; p 1401. (4) Moyer, R. O., Jr; Lindsay, R.; Suib, S.; Zerger, R. P.; Tanaka, J.;
(3) (a) Gibbins, S. Glnorg. Chem1977, 16, 2571. (b) Bau, R.; Chiang, Gibbins, S. GInorg. Chem 1985 24, 3890.

M. Y.; Ho, D. M.; Gibbins, S. G.; Emge, T. J.; Koetzle, T. IRorg. (5) Lever, A. B. P.Inorganic Electronic Spectroscop¥lsevier: Am-

Chem.1984 23, 2833. (c) The actual formulation df is [FeHs]- sterdam, 1984; Chapter 9.

[MgX(THF)2]a, where X = Clg1Bross This does not affect the (6) Thomas, K.; Osborn, J. A.; Wilkinson, G.Chem. Soc. A968 1801.
interpretation of the results that follow because halides are principally (7) Bancroft, G. M.; Mays, M. J.; Prater, B. H. Chem. So¢.Chem.
“spectator ions”, and throughout this pagewill be referred to as Commun.1969 39.

simply [FeH][MgCI(THF)2]4. (8) Chatt, J.; Hayter, R. Gl. Chem. Soc. A961, 772.
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Figure 1. UV-—visible spectrum of [Fel[MgCI(THF)2]4 in THF. Wavelength (nm)

Conditions: concentratior 9.80 x 10* M; temperature= 22 °C;
optical path lengti= 10 mm. The solid line is the observed spectrum,
and the points ) are calculated to give the resolved spectrum. .
- 103 M; [MgCl,] =0, 1.78x 1073, 3. 1073,5.24x 1073, 6.92
Parameters used 0 it 1o the Spectufy =~ 250 (19) e, <1400 304 gy 10, and 12.6x 10°* Wi temperatire 22°C; opical
40) L mofr* cm™; 01 = 14. T)x cmh A= nm;e, e ’ L ’ ’
_ _ ath length= 10 mm. The inset shows the dependence of the mole
= 360 (20) L mof™ cm% 0, = 43 (0.2)x 10° cm'%; 25 = 414 (1) Par. end: complext, x, on [MgCl] (see text) P
nm; e3 = 250 (10) L mot! cm™%; 03 = 5.3 (0.2) x 10° cm? (the & P 2 :
values represent bandwidths at half-height, and the numbers in
parentheses are standard deviations.

Figure 2. Titration of the UV-visible spectrum of [FeE[MgCl-
(THF),]4 in THF with [MgCl;]. Conditions: concentratior 1.20 x

deduceAy-, the d-orbital splitting energy of hydride, anft]
the nephelauxetic parameter.

Prior to the onset of charge transfer, Figure 1 shows two major
absorptions, one centered at 414 nm and another at 355 nm.
There are an additional very weak absorptiorcat 370 nm
and a broader shoulder in the range 4800 nm.

Qualitative interpretation of this spectrum is possible by
adopting the conventional methods used to describe the absorp-
The complex hydride [MgX(THR]4(FeH;) was prepared using  tion spectra of transition metal complexes. The results of

methods previously described in the literature and handled under inert Tanabe and Sugano for thé donfiguration show the effects
gas (drybox) or under vacuunx(0~® Torr).3 Magnesium chloride of the splitting of atomic energy levels as a function of the ligand
(99.99%),°LiOH-H:0, and the adamantanol (abbreviated AdOH) were field strengtht® The diagram for low-spin @[Fe(Il)] shows
\?vt;:igf:pfar%ﬂ ﬁl)dnrqict‘ib Egtzn%d;?wé?gﬂjbﬁ?gznggtgj‘egﬁgge)r five absorptions, of which two are the spin-allowed transtions,

i 1 —1 1 — I i
vacuum (10: Torr), and diphos_ (Aldrich) was recrystallized twice from Ir;"lea.j opr\lgbso;rplt% (?:: ir,? 1t?1 e S;— ezgtxm(_:h :lsss?g%?;fnstgogfdt;%tg?h er
hot hexane.SLiOH-H,0 was dried at 150C under vacuum (16 Torr). : ) o .
Solvents including pentane, THF, and Tidg-were distilled from Na/K \_Neake.r. spin-forbidden transitions are hampered by their weak
alloy or sodium benzophenone ketyl. The THF solvents were freeze  INt€Nsities but may account for the broad shoulder at-45M
pump-thaw-degassed three times and transferred on a high-vacuumnm and for the small hump in the 370 nm region.
line. The hydrogen and deuterium were of ultrahigh and research ~ There were no medium effects observed for these ligand field
grades, respectively. Inert gases were purified by oxygen and moisuretransitions. Titration of with [MgCl;] results in a hypsochro-
absorbers. mic shift of the charge transfer band with an isosbestic point at

NMR spectra were obtained in Young valve or flame-sealed NMR 280 nm while the ligand field absorptions remain unaffected
tubes. IR samples were pellets (KBr) pressed or prepared as Nujol (see Figure 2).
mulls and sealed between salt plates with silicone grease in the drybox. NMR Spectral Data. The 500 MHz*H NMR spectrum of
UV—V|S|pIe me_asurements required the use of a 10 mm quartz cuvette| jn THF-dg is shown in Figure 3A. Two hydridic components
_sealzd ";'th a hlgh;jvacuum stopcock cIch]sure. All samples were prepared, o ohserved for both different preparations and recrystallized
In a drybox or under vacuum atmosphere. samples ofl. The major absorption~{85%) is centered at

The 500 MHz'H NMR spectra were obtained on a Varian _ — ; ;
VXR500S, and the*Cl, Li, 2H, and3!P NMR were obtained on a 20.32 ppm €12 = 7.9 Hz) with an adjacent peak &120.38

Varian XL200 spectrometer operating at 19.6, 29.4, 30.7, and 80.1 MHz, PP™M (2= 9.4 Hz). Coalescence of these peaks occurrs at 40
respectively. NMR spectra, except those’ldf were referenced t6 C (200 MHz). The measu_red Spfliatthe relaxation times are
0 ppm using aqueous solutions of 0.2 M NagM LiCIO,4, and 85% the same for the two hydride absorptions, 0.39®.002 and
HsPQ,, respectively. FTIR were recorded on a Niclolet Magna 0.34 = 0.05 s (22°C and 500 MHz), respectively. The
interferometer. HP5451 and Cary 1 spectrophotometers were used tobroadening is attributed to a shdit due to chemical exchange
obtain the U\~visible results. The UVvisible absorption spectrum  or the hydridic hydrogens being in the vicinity of quadrupolar
was fitted using an equation incorporating a Gaussian function which nuclei ¢®Mg).1* The addition of [MgCJ] (=0.015 M) results
had three parametetsA linear combination of three such exponentials i complete conversion to a single speciés-<20.5 ppm),
was refined using a standard nonlinear least-squares routine. whose line shape is dependent on temperature and gCl
narrowing at higher [MgG] (Figure 3B) and higher tempera-
tures. The®*ClI NMR of [MgCl,] shows the presence of a low-

o-bonding. Further, the solution properties of the transition
metal homoleptic hydrides provide relevant information on
related solid state hydrides.

Experimental Section

Results

Electronic Absorption Spectrum. Figure 1 depicts the
room-temperature electronic absorption spectrum of jfeH (10) E_‘)g ?nseﬁfv;,?(é'SFl{?'agﬂéﬁq"cggumc'l';g%%%%fg%' (b) Hormann,
in THF. Low-temperature measurements failed due to the lack (11) we agree with one reviewer that the quadrupolar broadening of hydride
of solubility. Such measurements have not been required to by Mg (and distant Cl) is without precedent. There is the example of
quadrupolar broadening of the hydride absorptiong ¢ 6—7 Hz at
20 °C) in [(Cs(CHs)s)IrHzSiMesLi(pmdeta)], where &Li-H bond
(9) (a) Henri, V.; Bielecki, JZ. Phys1913 14, 516. (b) Mead, ATrans. exists: Gilbert, T. M.; Bergman, R. @. Am. Chem. S0d.985 107,
Faraday Soc1934 30, 1052. (c) Jgrgenson, C. Rcta Chem. Scand. 6391.25Mg (10.1%) is 9.3-fold less abundant théri (92.6%), but
1955 8, 1445. the magnitude of its quadrupolar moment is 6-fold thaflof
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Figure 3. 500 MHz *H NMR spectra of (A)l (1.0 x 1072 M) in
THF-dg at 22°C and (B)! (1.2 x 1073 M) in THF-ds with the addition
of 0.020, 0.12, and 0.20 M [Mgg]lat 22 °C. In part B, measured
absorptions and calculated line shapes at 200 Mkiz € 60, 38, and
34 Hz, respectively) are indicated by the symbotg.(

field absorption§ 0, v1, = 1000 Hz) which is absent in solution
spectra ofl (Figure S1, Supporting Information).

Reactions with AJOH and AdOD. Addition of 2 equiv of
AdOH tol at—70°C upon warming to room temperature gave
a new signal of an unidentified hydride @t—17.2 ppm. The
analogous reaction with AdOD gave no deuterides?thbNMR)
or observabléyp splitting in the hydride region (biH NMR).
These reactions with alcohol rather yielded changes irtithe
and?H NMR indicative of only H (HD) (6 ~5 ppm;Jup ~ 40
Hz) elimination. | under B (4 atm, 65°C), either with or
without added AdOH (2 equiv), gave no indication of H/D
exchange (byH NMR).12 [FeHy(diphos}] and [FeH(dmpe}]
are the principal products in protonation reactions by addition
of 4 equiv of the corresponding ditertiary phosphtae.

Infrared Spectral Data. A doublet [IR (KBr): vgen= 1569,
1523 cn1l) is observed in the hydride stretching region. These

(12) The?H NMR experiments with Bwas performed in an O-ring (THF
tolerant) sealed glass pressure reactor. A small amount of GgH#-

x 1073 M) was added as an internal standard. AdOD (2 equiv) was
added in one experiment at70 °C prior to addition of D. Reaction
with diphos (4 equiv) at 65C overnight in THF also showed no
formation of metal chelates B3P NMR.

(13) The remaining materials (25%) were characterize@Byesonances
at o 92 and 81.5 ppm. Similar reactions with bis(1,2-dimethylphos-
phino)ethane (dmpe) gave [Fgdmpe}] in even lower yield ¢a.50%
by 3P NMR). In the latter case the undetermined iron chelates were
clearly neither [Fe(OAdYdmpe}] nor [FeH(OAd)(dmpej], which
were prepared independently starting from painpe)].

Inorganic Chemistry, Vol. 36, No. 16, 1998463

bands disappear immediately upon quenching with air. This
compares with the infrared spectrum for pfgHs, which has
symmetric stretches a4eq = 1720 cnrl14

Discussion

Determination of the Ligand Field Stabilization Param-
eter, A, and Nephelauxetic Effectf, for the Hydride Ligand.
Ginsberg has assigned the £610° cm™ (217 nm;e ~ 1800
L mol~ cm™?) band of KkReH; in alkaline aqueous solutions
to a € — g transition arising from the promotion of electron
density from asy molecular orbital predominantly on hydrogen
to a o* molecular orbital mostly on rheniud®. The band
centered at 4% 10 cm™1 (250 nm;e ~ 1400 L moll cm™1)
seen in Figure 1 can also be described as LMCT in origin, with
the expectation that there is a shift to lower energy as the
negative charge of the complex increases freid to —4.
Further, the blue shift for this absorption is consistent with the
diminution of charge in going from a complex anidh,
{[FeHs][MgCI(THF)]3} ~, to a neutral speciek, [FeHs][MgCl-
(THF),]4 (see Figure 2 and “Solution Chemistry of [Fgf™).

The qualitative approach to characterize the ligand field
transitions using the classical equations of low-sgircah be
modified further to include effects of polarization (so-called
Trees effectsf and configurational interactio®. The calcula-
tion of the absorption lines also includes sporbit coupling?®
These calculations require the wavelength maxima obtained
from the resolved ligand field transitions found in Figure 1.
The most uncertainty results in the determination of the charge
transfer band, but this does not affect the determination of ligand
field parameterAy-, for the hydride ion.

The TanabeSugano diagram for low-spinédshows the
following five low-energy Laporte-forbidden transitions:

TA1g » T4 g .
1 1 spin-allowed, weak
A1g = TTag
1A 3T
1A12 : 3T122 } spin-forbidden, very weak
TA1g — 5Tyg } double spin-forbidden, extremely weak

The spin-permitted absorption$1g — 1T1g (24 200 cm'%; €
=414 L mol ! cm 1) and!A1g— 1T24 (28 100 cn1?; € = 356

L mol~t cm™), are assigned to the 414 and 355 nm absorption
bands, respectively. Location of the next two weaker absorp-
tions is hampered by a possible dynamic Jahaller effect,
vibrational effects, and spinorbit coupling. Application of
Schroeder’s equations in the latter case indicates that each of
the absorptionsiA;g — 3T14 and 1A;g — 3Ty, splits into a
guartet, the lowest energy manifold of the former being nearly
the same as the highest energy manifold of the 1&%&r. Thus,
under these conditions, it is not possible to assign the spin-
forbidden transitions. A likely possibility previously mentioned
is that these contribute to the 45870 nm shoulder. Th#Ay4

(14) Didisheim, J. J.; Zolliker, P.; Yvon, K.; Fischer, P.; Schefer, J.;
Gubelmann, M.; Williams, A. Flnorg. Chem.1984 23, 1953.

(15) Trees, R. EPhys. Re. 1951, 83, 756.

(16) Energies of configurations according to the standard equatidBEA |
—1T;) = A — C +(86B%A) + [8a]; AE(A; — 1Ty = A + 16B —

C + (2B%A) — [8a]; AE(PA; — 3T1) = A — 3C + (50B%A) + [8a;
AE(*A;—%T1) = A + 8B — 3C + (14B%A) — [8a]; AE(*A1 — 5Ty)

= 2A — 5B — 8C + (120B¥A) — [8a]. Terms in parentheses are
corrections from configuration interaction accounting for off-diagonal
elements in the electrostatic matricésThose terms in brackets
represent orbitorbit interactions or polarization correctiots.

(17) (a) Griffith, J. S.The Theory of Transtion-Metal lon€ambridge
University Press: London, 1961; pp 313, 412. (b) Lever, A. B. P.
Inorganic Electronic Spectroscoplglsevier: Amsterdam, 1984; p 126.

(18) Hereo. = 67 cntl, See ref 22b.

(19) Schroeder, K. AJ. Chem. Physl962 37, 2553.
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— 5T,g absorption would probably lie above that ¥y — Table 1. Spectrochemical Series for Ligands Associated with
3T 14 but would probably be very weak and thus not detectable. Fe(ll)*
The slight hump at 370 nm hints at a possible location. The Energy in 103 om"1
only unequivocal absorptions available for the determination Tyq 1Tag A color of LS complex References
of Ay- are?A;g — 1Tig and *Ayqg — T2y This outcome is N 31 37 33 22
commonplace for examples of low-spirf diron(ll) and oNO- 26 (@) 272 yellow 3
cobalt(l11)] complexes. The equations relating the absorptions :

H- 242 281 252 this work

involve A and the Racah parameteBsandC. Spin-forbidden
transitions, which are rarely identified, make it customary to C[Aswrwz

assume &C/B ratio between 4 and 5,e. comparable to that pofory, 5 214 266 2488 orange 25

which occurs in the gas phase. For t888 = 4-5 range,

Ay- varies from 24.5 to 25.& 10°cm™1. At an unreasonable N@

ratio of C/B = 9, Ay- = 25.7 x 108 cm™L E\,N—E:i—Ni\‘j (ppb) 187 - 214 magenta 26
The ligand field parameted, is a function of both the ligand § @N

and the metal ion, and accordingly placement of the ligand in

a spectrqchemlcal series is possible pnly yvher) one compares NH: (mas) 183 254 1955 purple-rod o7

various ligands on the same metal ion, in this case Fe(ll). AS(CHa)2

Complex! is the first soluble compound to be synthesized in

which a transition metal is octahedrally surrounded by hydride i NCsH ®12) 184 267 192 purple 28

ligands. Past efforts to deduce the position of the hydride ligand

in the spectrochemical seriéss. the magnitude oAy-, have ENjLNCH {amp) 172 - 186 brown 29

been complicated by the presence of other ligaedsFeHCIL, )

(L = a tertiary or ditertiary phosphine ligan#l) Other tech- {j\_@ (bipy) 115 - 165195  red 24

niques such as Jagrgenson’s “average” approximation have been =N N

applied; nevertheless, these methods are open to quéskign. 1The data of the original authors were corrected to include

dride is generally accepted to be near cyanide (or perhaps it isconfiguration interaction, if this correction was not applied, for the sake
even above it) in the spectrochemical series. From the spectrumof comparison. Note that the first four compounds are low-spin whereas
of complexl, it is possible to conclude with certainty that hy- the last four are spin-crossover complexea,- is a lower estimate

. our are spi comple .
dride is high in the spectrochemical series but significantly be- SNC€C/B = 4. * Aqxsis an upper limit esimate due to the questionable

. o . assignment ofT;. This calculation ofAgasassumes an unlikel@/B of
m thaE(1A, — 1 . .
low cyanide. This is obvious from th&E('Ay Ty) values 10.6; a lower value foAgasis more likely.* Apop assumes values &

of 31 x 10° cm™* for [Fe(CN)]*", 25.8 x 10° cm* for [Fe- = 800 cnt! and C/B = 4.5.5 Anaa Was taken from an energy level
(CNO)]*~, and 25x 10° cm™1 for [FeHg]*~.2223 Clearly, hy- diagram; naC/B was assumed; impliciti/B = 4. & This is an estimate,
dride is higher than the group of ligands NObipy, and phen, since charge transfer which begins at13.0° cm~* obscuresT; and
the last of which hadA,; — 1T, appearing at 12 260 crh.?4 T, bands.

Table 1 shows a spectrochemical series for assorted Fe(ll)Table 2. Nephelauxetic Effect for Assorted Ligands Associated
complexes for which polarization effects and sporbit cou- with Fe(Il)

plin_g effects have been included for _completene_ss. _Note that T, (1CcmY) T, (ACFcm?) B (cmY B
H~ is below both CN and CNO™ but higher than diarsine and

much higher tham-phenanthroline. Chatt’s conclusion based das 2241'24 228616 3315% 00'2393
on less direct evider_lce is consistent w@th this pl._acemenrd? H CN- 31 37 401 0.38
Further, on the basis of Chatt’s data, it is possible to conclude cNO- 25.9 32 414 0.39
that H™ is above CH~. These data contradict clearly the claims  maa 18.3 254 515 0.49
ptz 18.4 26.7 611 0.58
(20) Energies of configurations using Bethe's notatiot,) I's = 0.984A that the position of H must _be the same as or higher than that
+ 12.8]3E’> — 1.32C + 0.8%; (1T2) I's = 0.941A + 3.08B —1.3C + of CN~ or that A for H™ is comparable to that for N
1.2%; (3T) T2 = 0.928A + 7.7(B — 2.57C + 1.48; I's = 0.954A i
T 63B 22700 + 1260 Ts = 0.947A 4 434 — 356 + 1.2 fR(ﬁference tr? Tgbl(_a 1 ihowsér;at, for Fe(ll), the position of H
2= 0.98%N + 1.788 — 2.35C + 0.6%; (°Ty) s = 0.95% + 1.58 ollows on the basis ofT; and*T».
— 2.48C + 1.0&; I'1 = 0.94A + 0.3 — 2.70C + 1.3%; I's = ) _
0.964A + 0.6 — 2.53C + 0.2&; T's = 0.978\ + 0.95B — 2.66C bipy = phen< amp< maa< ptz < ppb<das<H <
+0.61. & =350 cnt?, (1T1) = 240 380 cm?, (1T,) = 28 170 cnr?,
and C/B = 4 yield the following absorptions (nm):3Ty) 423, 423, CNO < CN~

436, 438; tT1) 446, 460, 457, 467. The manifold shifts to higher o )
wavelengths (446490 nm) asC/B increases to 5. Negligible Gupta and co-workers recently performaldl initio density of

differences were obtained fax and B when these equations were  states calculations for MEMH¢] (M = Fe, Ru, Os), where the
solved and the results were compared to the energies obtained above —y ’

(see ref 17). An- are 15x 10 28 x 10% and 33x 10° cm™?, respectively®®
(21) Jergensen, C. KAbsorption Spectra and Chemical Bonding in The nephelauxetic effegf, is determined from the Racah B
ComplexesPergamon: Oxford, U.K., 1962; Chapter 6. parameter,i.e. 5 = Bcompie!Bo, Which is the ratio of the
(22) ((S)) ’Qg‘;xig”d;.f ’S‘](':r;]I'a’\fgrals—/I’. 'L"Z?'P’?]?S'.Cgﬁgpﬁ(fﬂou?]?fg 38632362' interelectronic repulsion parameter for the complex to that for
385. ' ' the free ion B = 1058 cnr? for Fe#*(g)]. These values are
(23) Beck, V. W.; Feld|, KZ. Anorg. Allg. Chem1965 341, 113. given in Table 2 for various ligands complexed to Fe(ll). The
ggg Eglltrﬂgﬁh,Ré.Aﬁ.;PlsF?E/:érgio?g?\r/%h g%‘?”&ﬁggﬁlg’egﬁﬁ' 1154, p parameter measures the abilit,y of a ligand to promote spatial
(26) Jesson, J. P.; Trofimenko, S.; Eaton, D.JRAm. Chem. S0d.967 extension of the metal atom’s orbitals, thereby reducing
89, 3158. electron-electron repulsion. From Table 2, this tendency is
(27) Chiswell, B.; Plowman, R. A.; Verrall, Knorg. Chim. Actal971, 5, found to be greater for hydride than for any other ligand

579. . .
(28) Decurtins, S.; Gilich, P.; Hasselbach, K. M.; Hauser, A.; Spiering, complexed to Fe(ll). This in turn supports the conclusion that
H. Inorg. Chem.1985 24, 2174.
(29) Chum, H. L.; Vanin, J. A.; Holanda, M. |. Dnorg. Chem1982 21, (30) Orgaz, Emilio; Gupta, Michel&. Phys. Chem(Munich) 1991, 181,
1146. 1.




Properties of [Felk]*~

[FeHs]*~ is covalent, which is consistent with its reducing
properties and the large polarizabilty and low electronegativity
of hydrogen.

Solution Chemistry of [FeHg]*~. A peculiar reaction of
in solution is characterized by the observed changes idthe
NMR (Figure 2) and UV-visible spectrum upon titration with
[MgCl;] (Figure 3). There are two conceivable chemical
reaction pathways: the reversible loss of dihydrogen or an ion-
pair reaction. The former would be difficult because of the high
thermal stabilities of transition metal hydride complexes such
as MgFeH;, where decomposition occurs only above 2680+
Incorporation of deuteriumpf, ~ 4 atm) was not observable
at 60°C for 12 h by?H NMR, nor was phosphine incorporation
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there was selective irradiation of the hydridic hydrogens as
opposed to those of THF, which demonstrates clearly the
presence ofLi* in the outer sphere of [Feff~ (Table S1,
Supporting Information). More detailed work is necessary to
disentangle the potential pathways for reaction on the surface
of [FeHg]4~.3°

Conclusions

The position of the hydride ligand in the spectrochemical
series has been established. Hydride is somewhat below cyanide
and cyanate but above diarsine. Even though hydride has no
m-back-bonding properties, it is capable of exerting a strong
ligand field rivaling the best of metal complexing agents. The

found by3!P NMR 12 Also absent was a peak for free molecular ability of hydride to exert its strong d-orbital splitting in the
hydrogen. The lack of the hydrogen loss tends to rule out the @bSence ofr-acceptor strength points out the importance of its
inner-sphere hydrides as reaction participants. Another modePolarizability. For example, the cyanide complexes [M(€}N)

of reaction involves the addition of the Lewis acidic [MgClI-
(THF)]* units onto the triangular faces of the [FdH
octahedron. Our data suggest an equilibrium involving the
separation of [MgCI(THR)™ from the complex ion pair, to
form either a separated or solvent-separated complexllion,

[FeHJI[MgCI(THF),], = { [FeHJ[MgCI(THF) ] 3} ~ +
| Il
[MgCI(THF)]* K, (1)
[FeH][MgCI(THF),], + CI” =
|
{[FeHJIMgCI(THF) ]}~ + [MgCI(THF),] K, (1)
]
[MgCI(THF),] = [MgCI(THF)n]+ + ClI™ K, (2

Figures 2 and 3B illustrate that the addition of [Mg[Clo a
solution ofl causes the conversion into a single species assigne
asl.3! Added support for this mechanism is found in #%€l
NMR spectra of solutions df and MgC} in THF (Figure S1,
Supporting Information). MgGlin THF has a prominent signal
in the high-field region § 0 + 50 ppm; vy, = 1000 Hz),
indicative of the chloride dissociation of reactior#?2.

The facile dissociation of the [MgCI(THF]) complex ion
from | should permit the incorporation of other metal cations.
This has been accomplished in the reactiofLa®H with | .33
The {!H}6Li NMR of SLi-exchanged!| upon broad-band

M = Fe, Ru, Os) show a clear trend withy increasing as Os
> Ru > Fe. This reflects the increased back-bonding for the
heavier transition metals. Infrared data show the same trend
for [MHg*~ and also the sensitivity ofwyn to the cubic cell
constanta in M";MHg (M = Ru, Os)¥® For [FeH]*", this
sensitivity toa is also borne out with a 10% increase an
resulting in a 10% decrease#r.n” Clearly, spatial relation-
ships in the complex hydridegg. the type of cation in the
lattice, and indeed in solution, can have a dramatic influence
on the energetics and corresponding chemical properties of the
transition metal-to-hydrogen bond.

lon-pair reactions characterize these materials in THF. The
fact that the [MgCI(THR)]* unit is dissociable points to the
predominantly ionic bonding between this cation and the
hydridic anion. It remains to be seen how sensitive such
reactions are to the nature of the transition metal hydride
complex.
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