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Abstract:
Isomer shift .and electric quadrupole spiitting of the 77 keV Y rays of
197 |

Au were investigated for a large number of Au(I) and Au(III) compounds at
h.o K. by nﬁclear gamma resonance spectroscopy (NGR). A close correlation .
betwéen the observed_isémer shifts:and:the:spectfochémical series of the'iigéﬁa§$
was observed. 'Fér.eaqh_oxidatioﬁ staté‘isOméf.shift éﬁa eléctrié quédrupolé"
splitting shqw.épproximately a iinear relationship. On thé basis of.LCAO—MQ:
theory, the experimental results are interpreted in terms of covalency effects
in the molecglar orbitalé, synergic coupling of 0- and m- bonds, and the:

empirically known donor and acceptor properties of the ligands.
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‘l. Introduction

For several years nucieéi gamma, résonance.spectroscbpy (NGR) has béenv
extensively used for chemical‘appiications With.compounds-of iron, tip; rare‘
.gases, rare earths and éétinidésl.  6nly very recenply;vhoweVer, this tééhniqué 
has been applied fo fhe>study_of compoundé of hd—.and;Sd— transition eléments
3 While a quantitativé.iﬁterpretation of isomer shift (IS) and electric
quadrupole splitting (QS).in compléxes of heavyvelémeﬁfs seéms not to be
feasible at thevpresent‘tiﬁe;‘a correlation of expérimental fésulﬁs with
empirical parameters may yielalvaluéble inférmation on chemical bonding. In
transition elements variations of IS aré mainly due to:the‘shieidingfof s
electrons by a varyiﬁg number of d or b eiéctrons. .This is experimeﬁtally
found by the dependence §f7the.IS on the formal oxidation stéte of transition

57Fe7; 99Ru2; 1931r3’h'and l89056; as well as theoreticdllj

8-1

proven by the results of free-ion SCF-calculations O. 'On'the other'hand;.

2’115 12 and for Fe(II) low-spin

metal compounds of
for compounds of Ru(Ii), Ru(III) Ir{IIT]
complexesl3, a strong variation of ﬂhe'IS within the same fqrmal Qxidation
state was obServea, suggesting a discussion of thé dependence of thé_Ié on £hé.;
néture'of the ligands. |

Although gold compounds are especially suited for such an investigatign,
no systematic study by NGR has been published up to nowr 10, Witnin the came -
bxidation state, gold forms”many stable complex compounds of the same symmetry 
Qith simplé ligénas. Because thése_compounds are highly covalent, a

significant variation bf the total eiéctron density at the nucleus depending

on the type of ligand is expected.

o
2-6.
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The 77 keV Ml—tfansition from the first excited state of 97Au with .

L+ . '
spin I = 1/2 to the I = 3/2+_groundstate is very well suited for this type of
14,15

investigation. In the early NGR work with Au(I) and Au(IIT) compounds

large values for the IS compared to the linewidth of the NGR line were

‘reported.
I

| | | .
In the present work the IS and QS of the T7 keV Yy rays of 197Au

were investigated for a large number of Au(I) and Au(III) compounds at 4.2 K.
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' 2. Fxperiments and Results
The NGR-experiments refdftéd here‘wéré pefformed'in transmission
geometry, with both soﬁrce.and absorber cooléa tg‘ﬁ.2 K iﬁ.a liquid helium
cryostat. The Y rays were defecteabby a Ge(Li)-spectrometer.  The data was
étored in a multichannel anal&zef'operated in the multiscaler mode, tﬁe"
address of which was synchronpusly'advanced with the sinﬁsoidal motiqn of the

7

source as described in Ref™'.

197

The Pt‘soﬁrces (Ti/e = 19h) were produced By neutrdn acti&atibn of
natural Platinum metal foils (200 mg/cm® thick) and used without further
preparations. When Qérrecfedfor non-zero absorber thickness, the linewidths
found with many absorberé are in éood égreement with the natural,linéwidth

W_ = 1.88%0.02 mm/s, deduced from the lifetime T = 2.73%0.02 ns o

of the
“TT keV state. |

Some of the transﬁission spectré of Au(I) and'Au(III) compounds are
shown‘iﬁ Flgs. 1 and 2,:respé¢tively.' A superppsition of* two Lorentzian
lines was fittedvtbbaii spectra ﬁy g least squares procedure. fhe results for _
Au(T) and'Au(III)-compbunds are compiled in the table. The Is is given with

9Tpt in Pt. In the last column of the table,

réspect to the soufce of
réferehces pertaining to synthesis or subpliers of the gold'compoundsvare
giVénL |

Most of'the spectra show a resolved electric quadrupole hyperfine

splitting. The distance of the two hyperfine lines, expected for a 1/2 + 3/2 :

transition, is equal to the splitting

as = (eq V,,/2)(1 + n?/3)*/?
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of the groundstate, where Qg = Q;SB b19 is the nuclear quadrupole momenﬁ,
VZZ thevz—component of the eléctfic field gradienf tensor at the nucleus and B
n = (V'XX - Vyy)/VZZ the asymmeﬁry>parameter. The intensities of the twp
hyperfine components may be differént due to an’énisotropic Debye—Waller
facto% or a partial aligmment of the crystallites in the absorber. Two lines
with variable widths and intensities wefe therefore fitted to the spectra,
aﬁd‘the.IS was derived from the ?ositionsvof these lines. Since the widths
of both lines wére in all caéeé fouﬁd to be éqﬁél within the limits.of error,
their Weighted average is given in coiumn 5 of the table. In column 3 the

absolute size of the electric quadrupole hyperfiné splitting is given;

neither the sign of QS, nor the asymmetry parameter n of the electric field

- gradient tensor could be defived-from the data. No magnetic hyperfine

‘interaction has been observed at 4.2 K in the investigated di amagnetic
“compounds , as éxpectéd,

The IS of the NGR-line is given by -

IS = %ﬂ-z &2 Alw(o)|2 A P2

where Alw(o)|2 is the difference of the total electron density at the
nucleus between absorber and source and A (rg ) is the change of the mean

square nuclear charge radius during the isomeric transition. A recent high-

S 24,22 . . .
pressure NGR experiment yielded a positive value for A (r®)°%, in qualitative

23

agreement with a weak-coupling description® of the first excited nuclear

197

state of Au.

Fig. 3 gives a graphical representation of the IS results for Au(I)

and Au(III) compounds separately. For the same ligands, the ISs found for
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fhe auricvcompounds are more poéitive than those for £h§'aurous campounds , in..
agreement with a positive sign for A:(rg ?.and'the above ﬁentidned a- sﬁielding)
arguments. For both oiidation_statés the cyanidé complexes give the largést ‘:
p&sitivé isomer.shifté. » |

In Fig. b QS is plottéd.versﬁs IS for univalent and trivalent gold.
compounds , respectively. The dafa clearly arfaﬁge themsel§es in two séparate
gfoups according to the oxidafiph state, with larger guadrupole spli#fing
values for auric than for aurous compounds. Approximately . a linegf:'
relationship between QS and IS is foﬁnd for both series of gold combouhds. A
quélitative interpretatidn'of'these features will be given in the following
sections. In section 3a d‘correlation’bétween the observed isomer.shifts and
the spectrochemical series of the ligands is pointed out, and is ihtérpreted
in section 3b in terms of the donor and acceptor properties of_thé.ligands.

The observed linear relétionship between QS and IS is discussea ipfsection 3c.
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"3, Discussion

a) Correlation between IS and spectrochemicél series of the ligands.

The IS values, plottedvin Fig. 3 fér aufbus and auric compounds, show
a large énd for‘both oxidation statés véry similar vafiation with the £ype of
ligané attached to the central ion. ‘Iﬁ the following a correlation between
the IS and the.spectrochemical series of the ligands for both univaient and

trivalent gold compounds is established. In this.séries2h the ligands are

.arfanged according to increasing d-MO splitting A in the complex:

1T < BT <ClT < SON < F <N < 02" < on”

The same series has beeﬂ obtained for both octahedral, tetrahedral and square

planar complexes and.a great number of cehtral,ibns. Very probably it is also

valid for transition metal compiexeé of other symmetries. Deviatidns from the

given series are usually accompanied by radical changes in stereochemistry -

or a change in multiplicity of the central iOn25.

Au(III).compounds: Most of the auric compounds studied in this work have

. - - -2
square planar symmetry (AuClh 26, AuBr) 27, AuBr3 28, Au(N3)h 9,

LiAuo, 0 31, Au(CN)h~ 32).

3 3
a8 distorted octahedral structure33.

, Au(cw) The tetrafluorides, however, have

2By

In the square planar Au(III) complexes (microsymmetry th);'the

T)’ 5dZ2,.65 Kboth alg) gnd épx,y (eu) are by

metal orbitals 54 2 2 (b
N S 1g

their symmetry sultable for O-bonding with the ligands (which are situated

on: the X- and y- gxes), while the metal orbitals 5dxz,yz (eg)’ Sde'(bzg)’

‘ TMulliken.notation
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6pZ (aéu) and 6px,y (eu) can‘be used for T-bonding. The energetlg-dlstanqe
b) between the higher o-antibonding by, () [5d4.2 _ yz]- and the lower -

antibonding ®og (m) [dey] - MOs is the relevant parameter of the spectro-
chemical series3h. The data from absorption spectra of AuClh—,fAhBrh_,
Au(SCN)h_,'Au(NB)h_ énd.Au(CN)hf are invagreement with the-spectfochemidal
‘ ‘ 29,35,36 | N

series for the ligands given above
The measured IS values for auric compounds (Fig. 3)-ih§réase with

increasing rank of the ligands in-the'spectrochemical series;_ﬁith the exception

of the distorted octahedral tetrafluorides. K Au(CN)) has a comparable high =
position in the IS scale as thehcyanidebligand has in the spectrochemical

series of the ligands._'A close spectrochemical similarity was reported for

36 35

AS(C6H5)M Au(N3)h and K Au(SCN)h _ ,_whieh_agrees with our findings of

nearly equal IS values. The IS found for K Au(CN)2 Br, is close to an
arithmetic ﬁean ofvthe IS‘valﬁes fof K Au(CN)h and K AuBrh;1:On the other
hand, Tsuchida's -"average énvironméht":rulé pfedicts the wévénpmbérs of the
ligand field bands:ofvan octahedral.complex MLiLz e Ig with’ligands L
~as the arithmetié mean df the cofrésponding wavenumbers_éf thé complexes
M(Li)6 2h. Thus; the application of this rule to K Au(Ci\T)2 Ere yields a A,
which is Just the'arithmetic mean of the Al values for thevtétracyanide and
the tetrabromide,,in agreement with the measured IS.

In the fétrachlorides and. the oxides studied, ﬁhe:IS increases with théi
size of the cationé. Correspondingly, the ligand‘field splitting in tetra-

37 and in Ni(II)-complexes ANiX

38

‘hedral Co(II) tetrahalides 3
(& = K, Rb, Cs, pyridine; X = C1, Br) was found to increase with the size of

the cations.
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Au(I) compounds: Most of the aurous compounds studied in this work are known

to contain linear L-Au~L units in the first coordination sphere of the gold

fon (Aucl 32, aur O, Au(w,),)” 36, puew "L, xau(om), *2°"3). In these

2
diagonal Au(I) complexes (microsymmetry D _h), the metal orbitals 542,

6s (both alg) and 6Pz(a ) are by their symmetry suitable for'o-bonding,

2u

. i1 . . e . .
whi e the metal orbitals dez,yz(elg) and 6Px,y(elu) have the proper symmetry

for .T-bonding with the ligands, which are positioﬁed along the z-axis. The

a 5 :
53, > 3dX2 _ 4@ doublet (e2g

Again a correlation'of_the measured IS values with the spectrochemical

) is nonbonding.

"series of the ligands is notéd. However, a direct experimental determination
of the d-MO splitting from thical absorption spectra is not‘possible.in the
5410 system, since all of the a-MOs are occupied. In AuCl, the gold ion is
bOndéd to one C and one N atom. Since the spect?ochemical property bf_a
ﬁéLyé%bmic ligand is usually determined by that ligand atom whiéh is directly
bonded fo the central iongu, the average environment rule predicts for the
d-MO splitting and according to our correlation also for fhe IS of AuCN a

3°

where the gold ion is bonded directly to two C- and two N- atoms, respectively.

value, which is the arithmetic mean of these for KAu(CN)é and AS(C6H5)hAu(N3)

This is in good agreement with our experimental IS values.

b) Interpretation of the correlation between IS and spectrochemical series.
| " In the following an ihterpretation of the observed correlation between
_IS-and spectroéhemical series of the ligands is given on the basis of a cluster
LCAO-MO model.‘

The total electron'density at the nucleus ellb(.o)l2 depends on the

chemical bondings.  Positive contributions to e|d}(o)]2 arise mainly from,the
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atomic‘6s—topulations of the moleoular orbitals atjthe gold ion.(the atomic
population of a LCAO-MO, as defined by Mulliken ", is the metallic part of the -
total MO~population plus half of the oferlap‘population). On.the othef'haud,
- a decrease of elw(o)l is caused by the atomlc 5d—populat10ns of the MOs at.

the gold ion, due to the well—known shleldlng effect of the Sd—electrons The'd
atomic 6p-populations give only small contributions of both_signs, a_positive"
one by the relativistic density of 6pl/2‘-electrohs at the nucleus andAe‘negetive
one by the shielding ofvs—eleotfone from the‘nucleue. From the study of optlcal
1sotope shlfts in mercury’ 1t :was-gshown  that one 54 electron d1m1n1shes the total
velectron density at the nucleus by about 25% of the contrlbutlon of one 6s
electron, while cne 6p electron dlmlnlshes it only by about 107 5 " The IS

will therefore mainly depend on the atomlc 6s~ and Sd- populatlons

The atomic populatlon of a LCAO-MO' at the metal ion is a function of

the covalency parameters; whlch for a given metal ion and a gluen.symmetry, 51
depend on the donor and acceptor propertles of the llgands In strongly
covalent compounds we consequently expect a slgnlflcant dependence of the IS .
on the donor and acceptor propertles of the ligands. The absolute donor and
‘ecceptor strengths of ligands vary with.the ceutral ion, its s&mmetry and its
oxidation state. The relative'stfeugtﬁs, however, have apptbklmately a
universal character.' Accotdingly'lt ie_generally observed (for example from

measurements of NMB.chemical shiftsh6 or of valence force constants33) that the

0-donor strength increases in the series C1~ < SCN_ < 0% < CN~ < H 33,35,

A close proportionality between_cédonor;and m-acceptor properties of a ligand

L7

was deducéd from force constant measurements of Mn~ and Mo- complexes . This

is probably a oonsequence of the synergic character of the metal-ligand bond,
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by whichfa shifting of ﬂ—electronidensity is assumed to create a dfift of
O-electrons in the opposite diréétionh8. Such a synergic coupling of O- and
T-eléctrons is consi;tent with theveleétroneﬁtrality principle{ .

Since the ligand field‘splitting in stronglyvCOvalént complexes}is alsq

mainly determined by the donor and acceptor properites of the ligands, the

:observed correlation between IS and the spectrochemical series of the ligénds

can qualitatively be understdod. According to J¢rgeﬁsen2h the ligand field

splitting A in octahedral, tetrahedral and square-planar compleXes is ‘given

by four contributions

A=+ AV)+0(L>M) -7m(L~>M +71M~>1)

where thé single terms aré given with their proper sign. The first term
describes the splitting’by fhe crystal-electric field, which may be negiected
inistroﬁgly covalent ébmplexes. The following terms dendte co&aleﬁcy effects B
in.U— and T- bonding MOS, respectivgly, with the direction of the eléctronic
eharge transfer being indicated. If the atomic population of the 0-bonding

blg—MO'Qf a squaré planar metal complex on the central ion increases, the

second term raiseSvAl, since the antibonding MO is destabilized. A higher

zg-MO on the gold ion causes a drop in the

atomic population of thé_n—bonding b
ligand field splitting. Delocalization of electron density from the

. _ ., S N -
bbg(w )[dey] - MO to empty m-ligand orbitals is taken into account through

the last term. Such a T-back bonding stabilizes the dw*;MO and hence enlarges

Al.q;The,positioh of a ligand in the spectrochemical series evidently increases"

vwithfincreasing'o—donor-and T-acceptor strength, while it decreases with m-

donor strength.
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It should be noted here, that in less covalent compounds covalency is
' primarily determined by the energeticvdistance between the combining metal
and ligand orbitals, i.e. in the Mulliken approximation by-thevdifferenceuin
50,51

the orbital electronegativities . In thié case we may expect a correlation

of the IS with the eléctronegati&ity‘séfieszh’so: F<ClL~NCXZBr < 1 ~;S:N’C>:
and with the similar nephelauietié series2h, iﬁ which the ligands.are arranged
according.to decreasing Racah péfameters (decreasing intereleqtronic repuision);
In facf a correlation between the IS and the nephelauxetic series of . the
ligands has been observed in Fé(Ii) high-spin compiéxesl. By contﬁas£, thé.>
IS in the presumably more covalent Fe(II) low-spin complexes correléﬁeé'with,;-
the spectrochemical serieé‘of'thé ligandsl3; Preiiminary measureﬁgnts for
Ir(IIT) (low-spin) complexes are likewise indicating a correlatioﬁ between the
IS and the spectrochemiéal;series ofvthé ligandél2 o

Within the framework of our LCAG-MO model, T-donor properties of the
Iigands.should not affect the total electron density at the nucleus in both
Au(I) ana Au(III) compoﬁhds. This is'a consequenée‘of the compensation of the
charge transfer in bonding and accociated antibvonding dﬂ—MOs, which are fully..
occupied. The IS in the stﬁdied gold-compounds is thus a méfe function of the

o-donor and T-acceptor properties of the ligands.

Au(III) compounds: In the absence 6f T-acceptor bonding‘the‘IS in trivalentb

gold’complexes'dépends on the atomic pqpulations of the 0-bonding blg- and
aig-MOs at the'goidzion. The'6s($lg)— population contributes positively |
to the totél electron density at the nucleus, while the d—parts diminish it by
shielding effects. Since a monotonic correlation between the IS and the

speétrochemicél series is experimentally observed, and since the O-donor
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strength of ligands increases with their rank in the speétrochemical series, we

conclude that the IS increases with covalency in the O0-bonds. This is also

°2:23;  the electronic configuration

8.61650.666po]h9’

supported by the ;esults of MO calculations
of the Pt(II) ion in the square-planar PtCth-, Pt(+0.24)54
Shqwé a substantial 6s—populatibn at the metal,.and the metal 6s-electrons
participate strongly in the bonding with the ligandé. Thus the IS in gold
compounds with monoatomic ligands increases with the o—donorvstrength. In
fhese cases the bonding shbuld not have any Tm-acceptor componént, since ligaﬁd
valence shell expansionvis unlikely to occur in oxidation states higher than -
w5t |

The increase in the IS with increasing size of the cations, as observed

for gold tetrachlorides and oxides, can be explained by an increase in o-

cofalency with decreasing interatomic distance, if it is assumed that the
leﬁgth of the Au-ligand bdnd is reciprocally related to the éize.bf the catioﬁs.
This assumption is béseﬁ on the ligand field'splitting in Co-halide complexes,
which increasés with_the size of the cations as well as With,pfessufe37. The
IS of the Au(III) oxides reveales a stronger dependence on the size of the
cations than that of the chlorides. This indicates a significantly larger
changé in covalency, if the bond length is shorter.

Ligands like CN , which haye their own T-system, may accept electron
density from QHQMOS by back bonding if the empty ﬂ*-ligand orbitals are
sufficiently stable. This back dOnatién causes a decrease in the shielding of_
s—electrons by the atomic 5d-populations on the gold ion and due to synergic

. . . )
coupling an increase in the O-donor strength, resulting in a larger e[w(o)l .

" In Au(III) cyanide complexes T-acceptor bonding can presimably be neglected
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against a strong o-donor componentsh, since the levels of the Au(III) ion are

relativelyvstable. This conclusion is in agreement With.aﬁ analysis of thé

band intensities in KAu(CN)h, which reveals -only weak W;bondingss. The large

IS in the Au(III) tetracyanides is‘fhefeforé mainly caused by the high O~ -

donér‘capacity of the.CN- ligand;‘a fact which has plenty‘of experimentél f'

evidenc¢56. | . » |
Electronic spectra of Au(N3)h— and Au(SCN)hf in.the optical éﬁd and

near UV region show a high COvéiency of the :Au-ligand bond and evidence for
29,36 -

a Weak m-donor bond 3

.as well as a weak T-acceptor component in the

further to S-bound SCN~ !

tetracyanide are in good agreement with the positions of the compounds in thev.

IS scale (Fig. 3).
From valence force constants was concluded, that the AuQCN bond is

nearly the same in KAu(CN)‘Br as.in KAﬁ(CN)L; and that the Au—ligand bonds

272
58

have strongly directional‘character “This agreés well with our finding of

“the IS of KAu(CN)gBr

5 to be the arithmetic mean of the IS values of the

~tetracyanide gnd'the tetrabromide. -
Au(T) compounds: Again a higher o-donor strengthzof the ligands causes a

higher atomic population of the bonding a, -MO at the gold ion. The atomic

lg

6s-pcpulation of this MO at the gold ion increases at the same time, with the

v * _ v
antibonding a, (o )[SdZQ] - MO being destabilized. 'The atomic population of

lg
: #
“the antibonding eig(ﬂ )54, yz] - MO on the gold as well as the shielding of
L] . \
- s—electrons from"the nucleus decrease with increasing T-acceptor strength of
“the ligands. The IS therefore increases with increasing o-donor and -

acceptor strength of the ligands, as in the case of Au(III), with the m-donor

properties not directly affecting the IS.

. A decreasing m-donor strength from C1 to N and  t

£
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When éompared with.tﬁé spectrochémical sefies, thé'positions of Aul
and AuCl in thé‘IS scale aré reverse&. This may be due td a shift in the
levels of the iodide ligand, whiéh‘ﬁés suggestéd to éxplain the extremely high-
energy for complex.formation of_B—type Sdlo— iodides,’especially of AuI‘Sh,"In
this way , backbonding from dﬂQMOs to“émfty‘hélide’orbitals'becbmes possible,
thus augmenting the electron density at the nucleus. |

The 5d-orbitals of Au(I) are less stable than those of Au(III).
Therefore one may expect a considerable T-acceptor component in the Au(I)-

sh. 55

cyanides Jones deduced from Au-C and C-N force constants that T-bonding

is stronger in KAu(CN)2

difference of ISs between KAu(CN)) and KAu(CN), than between KAuCl) and

than it is in KAu(CN)L,nwhich‘may-explain the smallér

AuCl.
In the Dewar=Chatt-Duncanson model, the bonding of olefin ligands with

transition metal ions is described by a donation of m-electrons of the C-C

~bond to O-type metal orbitals and a synergic T-backbonding to empty antibonding

59

orbitals of the olefin ligands”™, in obvious similarity to the bondiﬁg in the
cyanide complexes. Accordingly, the IS of the olefin-AuCl complexes is

significantly larger than in AuCl.

c) Correlation between QS and IS.

The electric field gradient (EFG) at the nucleus is given by

©= Gyap(1 = R) gl - v)

where g denotes the direct contribution of the valence electrons and . R

the direct contribution of the lattice. The atomic and lattice Sternheimer

factors are given by (1 - R) and (1 - v_), respectively, with no theoretical
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caléulations being available for the Au atom at.the preéent time. For‘-Bi3+
a value for y_ = -hk2.4 was nonréiafionistically;calculated60 (which therefore
might be too large). Because of the r S-dependence of the EFG the lattice
contribution may be neglected in étrongly covalent éompounds; except'fér very
high lattice Sternheimer factéré. If 9yat is estimaﬁed in a point éhérgé
model and Y_ is approximated by the theoreticallBi3+—value, one obtains a
lattice contribution of about‘io% of the totai EFG in Au complexes. lTherefore.
the lattice contribution to the EFG ﬁill be neglécted in the following
discussion. | |

The contribution of the valence electrons to the EFG can be estimated

from atomic field gradiénts6l’62;‘ From the magnetic hyperfine'strubture of
9,.22 (L3y o -3

the metastable 53768 D state of the gold atom a value \r 54 = 12.3 ao

was determined for the 5d-electrons. For 6p-electrons of Au no-direct

experimental determination of (r™3) is knowm. A value of (r > Y ¢ = 16;&'50_3

D
. < 3/2
was- deduced by Machmer65, using the magnetic HFS-constant of the 6pl/2—electr0ns

and ‘the ratio of the mégnetic HFS—copstantsrof 6p3/2- and 6él/2_ electrons6h
of 197Au. ' :'v. : . | : o

The atomic_contribution.toithe EFG in strongly’éova;ent Au-compound is"
‘mainly a function éf the atomic 6p—vand 5d- populations of the MOs at the gold-
ion and therefore of the donor and .acceptor properties of the ligands. As |
bointed outAbelow, the absolute'Qalue of the EFG in Au complexes is monotonicélly
increasing with .the O-donor and‘ﬁ-acceptor properties-of the ligands, as is thé
total electronidenéity at the.nugleus. The eXperimentally.observed cofrelatién

between QS and IS is therefore qualitatively understood as a consequénce cf the

. high covalency of the Au-ligand bonding. The approximate linearity of the
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- empty antibonding b

-a small and presumably positive total EFG is therefore expected fbr AuCl

- | UCRL-19933 -
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QS-1I5 correlafion, however, as it was established in this.work.and by Ref.

‘requires that the ratios of s- and d- éharge‘transfer are approiimately

. ‘constant for the various éomplexes stﬁdied. Simiiarly, a linear correlation

between QS and IS wés also reportéd for low-spin Fe(II)rcompléxeslB; ‘

. i I - |
“Au(III) compounds: MO-calculations for the AuClh --complexs2 showed that the

lg(o )[5dx2 _=y2] - MO has 90% metal character. This

5dx2 _ y2 -hole in the Sdésheil of Au produces a negative EFG, which is partly - !

compensated'by the positive Cohtribution of the atomic population Qf the

bonding b, -MO. The contributions of the various atomic 6p-populations have

lg
opposite signs: the Ofbonding eu—MOs contribute positively, the ﬁ¥boﬁding
a,,M0s negatively to the tétal EFG. Since the oveflap of the O—bondihg
orbiféls is ﬁsuaily cdnsiderably larger than that of the ﬂ—bondihg orbitalé,
the contribution of the'6p4populations to the EFG will mainly be determined by
fhe 6px’y—populations Qf the eu(O) - MO, being therefore positi&éf Since the

_3>

experimental (r —value of 6p—electr6ns_is larger than that of 5d-electrons,

Lo
in agreement with the small QS observed for the tetrachlorides.

With increasing O-donor strength of the ligands, the atomic populations.

‘of the O—bohding blg- and eu(O) - MOs at the gold ion are augmented. In this

. way, the EFG, which we assume to be positive, is enlarged with the 5d-hole

being more and more filled and with the positively contributing 6p-populations
of the eu(O) - MO increasing. In those Au complexes where an intra-ligand

* .
m-system exists, T-backbonding to empty 7 -ligand orbitals reduces the atomic

populations of the b, (m )[dey]— and the'eg(ﬂ )54 ] — MOs at the Au ion.

2g X2,YZ

Since the‘firSt MO has a higher energy and the second one a higher total
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population, one may assume that thé amount of back-donated electron cﬁarge is
comparable in both symmetry groﬁﬁé;v Sincé both_MO$ contribute with 0pposité
sign to thé EFG, no diréct efféct on thé EFG is théréforé expected. A synergié
coupling of the O- énd Wf bonds 4 howéver,vgivés:é positivé contribution td the
EFG, therefore increasing the'QS'ﬁifh“incréasing W-acce§tor stfeﬁgth of]tﬁé
_ligands. | |

Au(T) compounas: o-donor boﬁding affects the-atomic populations of the

agu[6pz]— and aig[5d22]— MOs at the gold ion, which give both negative
contributions to the EFG. The EFG, presumably being negative, is therefore. vb

increasing with increasing o-donor strength of thé ligands. A synergic

" decrease in the population of the T-bonding elu[6pk y]- MO, caused by increasing
. B -]

O-donor strength of thé ligands, additionally augments the EFG_by reducing the .

positi?e contributions of the 6px -electrons. dw—backbondiné_lCWers the atomic

]

(m )54 ’

1g <z yz]; MOs at the gold ion, resulting in a
s : _ :

populations of the e
positive direct contribution to the EFG. Because of synergically increasing
covalency in the O-bonds, especially. in the 6p0—bonds, the direct contribution

is probably bvercompensated by the corresponding negative cbntribution of the

U-populations.

According to our discussion, the QS in Au(I) and Au(III) complexes will -

increase with ingreasing O—donor‘and m-acceptor strengths of the ligands, in
:agreemeﬁt with the experimental fésﬁlt. For a test of the relevance of our
interpretation of QS and its coffelation with IS, an ¢xperimental determination
of the sign of the EFG in Au(I) and especially Au(IIIs compounds is highly

desirable.

»
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Table 1. Compilation of results obtained for Au(I) and Au(III) compounds at 4.2 K: Isomer shift IS relative

to 197 >1/2

PtPt-source, electric guadrupole splitting QS = (ngVZZ/E)(l +'n2/3 , experimental linewidth W

and'absorber thickness.d. In the last column references to the suppliers or the preparation of the-samples

are given.

€E66T-THON

Compound IS Qs . W/2 g Ref',
: o [mm/sec] [mm/sec] [mm/sec’] [mg/em” of Au]
Au(III)'compounds.

CshAuF) +0,090,02 0,75%0,0k 0,99+0,02 50 a
RbAUF), ) +0,05£0,02 0,17%0,35 1,05%0,05 50 a
- As(C6H5)hAu(Az)h +0,19+0,02 E 0,9010,03 L6 g
KAth +o,h3¢o,o; 1,28+£0,10 0,96+0,06" 110 e
AuBr +0,48£0,07 o,9h:o,o3_. 80 b
KAuBr) +0,60%0,03 1,13+0,06 0,89+0,0k 72 b
HAuCl) ~'hH20 +0,66£0,04 . 0,94+0,08 0,85+0,07 125 b
NaAuCl) * 2H,0 - +0,81%0,05 1,21+0,10 0,90+0,08 120 - b
KAuCl) +0,81+0,03 1,11%0,06 0,88%0,03 140 b
NH) AuCl) +o,87to,o3_: 1,18%0,06 1,03+0,03 102 c

(ChHg)hNAuCIh +1,02%0,06 1,31+0,1h 1,10%0,10 100 a |
C, oy gN,AUCL +1,32%0,03 1,9th,o6 'o,95tQ,oh 170 h
KAu(SCN)h +1,63+0,07 2,0Lk+0,1k 1,06+0,08 78 f

As(C6H5)hAu(N3)u +;,66io,o5 2,89+0,10 0,98+0,0k | 80 - g |
Au203 B0 +1,31+0,08 .1,69t0,16 l,lliO,l6. 170 b
'(coﬁtinued)



=4 a
Table 1. (continued)
Compound IS Qs w/2 g S
[mm/sec] [mm/sec] [mm/sec] [mg/cm™ of Au] Ref.
Au(ITI) compounds
L JAu0, +1,950,0k 2,27+0,08 1,00%0,0L 112 3
NaBAuOB +2,4520,04 3,02+0,08 1,07+0,06 145 J
Au0(0H). +1,38+0,03 1,7140,06 1,10%0,03 120 e
KAu(CN) ,Br, +2,65+0,0k 5,34+0,08 0,95+0,02 105 i
Kau(CN)), +4,03+0,06 6,86%0,12 0,98+0,03 92 i
Au(I) compound

AuCl -1,37+0,02 L,47+0,0k 0,91%0,02 285 £
Aud -1,21+0,0k 3,91%0,08 0,91%0,04 210 f
As(C6H5)uAu(Az)2* -1,060,03 - 0,84%0,03 - 56 g
Cp oy, - Aucl +0,83%0,02 6,04%0,04 0,96%0,03 120 k-
C, gy - AuCl +0,91%0,03 6,41%0,06 1,06%0,05 185 k -
C gl - AuCl +1,03%0,03 6,29%0,06 0,99%0,0L 96 k
As(C6H5)hAu(N3)2 +1,43+0,05 6,84+0,10 0,92%0,05 Th g
AuCN +2,30%0,04 8,00%0,08 ~.0,90+0,0k 125 c, b
KAu(CN)2 +3,12%0,09 10,12%0,18 0,87+0,06 1Lko - b

(continued)

~Se--
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Table 1. (continued)

. .
* ZRN
Az stands for the Ligand — C N

\N——N47
/
Celia

®Prof. Hoppe, Univ. Giessen, Germany

‘bDegussa, Zweigniederlassung Hanau,bGérmany

“Research Inorganic Chemical Corp., Sun Valley,FCalif., USA.

dMason, W. R., H. B. Gray: Inorg. Chem. T, 55 (1968)

°K & K Laboratories Inc., Plainview, New York 11803, USA

fRemy‘, H., Lehrbuch der Anorg. Chemie, Akad. Verlagsges., Leipzig (1960)

gProf. Beck, Univ. Mﬁnchen, Gefmaﬁy . |

hDr. Konietzny, Univ. Munchen, Germany _ .

lmith, J. M., L. H. Jones, I. K. Kressin, and R. A. Penneman: Inorg. Chem. 4, 369 (1965)
J.Dr. Wasel-Nielen, Univ. Giessen, Germany ‘

kProf. Huttel and Dr. Konietzny, Univ. Munchen, Germany

o

£E66T~TH0N
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_Figure Captions

1. Absorption spectra of the TT7 keV y rays measured for various Au(III)

- compounds. The solid curves represent the result of least square fits.

Fig.

The positions of the individual lines are indicated by dashed lines.

2. Absorption spectra of fhe T7 keV 'y rays measured for various Au(I)

. compounds. The solid curves represent the.results of least squares fits.

Fig.

Fig}

The positions of the individual'lines are indicatedsby dashed lines.
3. Graphical representation of the isomer shift IS obtained for various

Au(I) and Au(ITI) compounds at 4.2 K, with respect to the 197Pt§§7source.

k. Electric guadrupole splittings QS versus isomer shift IS for various

Au(I) and Au(III) compounds at 4.2 XK.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
. Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Comm1ss1on
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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