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The structure of gold cyanide, AuCN, has been determined at 10 and 300 K using total neutron diffraction. The
structure consists of infinite —Au—(CN)—Au—(CN)—-Au—(CN)- linear chains, hexagonally packed, with the gold atoms
in sheets. The Au-C and Au—N bond lengths are found to be identical, with da,—c = 1.9703(5) A at 300 K. This
work supersedes a previous study, by others, which used Rietveld analysis of neutron Bragg diffraction in isolation,
and found these bonds to have significantly different lengths (Ad = 0.24 A) at 300 K. The total correlation function,
T(r), at 10 and 300 K, has been modeled using information derived from total diffraction. The broadening of inter-
and intrachain correlations differs markedly due to random displacements of the chains in the direction of the chain
axes. This is a consequence of the relatively weak bonding between the chains. An explanation for the negative
thermal expansion in the c-direction, which occurs between 10 and 300 K, is presented.

Introduction

For such apparently simple systems, definitive structures

of the metal cyanides, MCN, where M is Cu, Ag, or Au,

have proved remarkably elusive. As recently as 1998,

Bowmaker et at.used neutron Bragg diffraction to determine

for the first time the light atom positions in AGCN and

confirmed that the structure consists of infinitdg—(CN)—

Ag—(CN)— chains arranged on a hexagonal grid, as found

by West? In the same work Bowmaker et Btletermined a

detailed structure for AUCNThe structures of AUCN and

AgCN differ in the way the chains are packed together. In

the case of AUCN the metal atoms are in layers, whereas in

AgCN the metal atoms in neighboring chains are displaced

along the chain axis by one-third Of the chain repeat dlstance'Figure 1. Structure of AUCN (small atoms Au, large atoms C, medium

The structure of AUCN, as determined by Bowmaker et al., atoms N after Bowmaker et aLight lines indicate the unit cell, and the

is shown in Figure 1. It has been suggested that the reasore axis lies up the page.

AuCN adopts this arrangement of chains is that this

minimizes the Au-Au distance and leads to a favorable The total correlation functionT(r), obtained by Fourier

aurophilic interactior. transforming the total neutron diffraction pattern, showed
We recently redetermined the structure of the disorderedthat the Ag-C and Ag-N bond lengths were identical,

crystalline material, AGCN, using total neutron diffraction.  dag-cn = 2.06 A at 10 K, in contrast to the values @ ¢

= 2.15 A anddag—n = 1.86 A found by Bowmaker et al. at
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Total Neutron Diffraction Determination of AUCN

that one polymorph of CuCNg-CuCN, adopts the same 60
structure as AgCN, albeit in an even more highly disordered
form.# This confirmed that:-CuCN contains linear{Cu(C-
N)—). chains, as has been suggested previously on the basis
of earlier EXAFS® and NMR and NQR studi€’sA notable
feature ofa-CuCN is that, as in AGCN, the MC and M—N

bond lengths are identicaldc,—cn = 1.846 A at 10 K. This

is not what one would expect from a naive picture of 40 A
chemical bonding.

In both AgCN ando-CuCN there are no chemical bonds
between the chains. The weak interactions between chains
means that they can easily slip against each other. This
slippage, which is greatest in CuCN, produces a large degree
of interchain disorder in the two materials. This disorder
affects both the intensities and widths of Bragg reflections
and is not easily modeled in Rietveld analysis. It is this
disorder that leads to the failure of conventional Rietveld
analysis in determining the structure of AQCN and CuCN. 10 |
An additional source of disorder in these materials is head
to tail disorder of the CN groups, as has been found using
NMR.87 Unfortunately, because the-MC and M—N bond
lengths are identical, our total neutron diffraction studies have 0 g
a very low sensitivity to head to tail disorder of the CN
groups in these metal cyanides.

50

30 g

20

Qi(Q) Ibarns atom™ steradian” A"

The very high thermal parameters reported for Au and N, 10 : : ,
and the large difference in the temperature factors for C and 0 10 20 30 40
N determined by Bowmaker et dlled us to the conclusion QA"

that AUCN must also be disordered. We therefore SuspeCtedFigure 2. Interference functionQi(Q), for AUCN at 10 K (bottom) and

that the structure of AuCN determined by conventional 300 K (top, displaced vertically by 30 units).

Rietveld analysis of the Bragg diffraction was not correct,

and that reinvestigation using total neutron diffractioright local structure seen in the total correlation function, and the

prove profitable. We were particularly interested to discover average structure determined from Bragg diffracti@low,

whether the Au-C and Au-N bond lengthsda,—c = 2.06 we report the local and average structures of AUCN at 10

A and da,—n = 1.82 A, determined by Bowmaker et.’al and 300 K, determined using the total diffraction data

were correct. Total neutron diffraction experiments were collected on GEM.

carried out using the GEMiliffractometer at the I1SIS Facility

at the Rutherford Appleton Laboratory, which has a very

large range in momentum transf€,(=2x/d). These yield Total Diffraction. The interference functiorQi(Q), for

total correlation functions with good resolution in real-space. AuCN at 10 and 300 K is shown in Figure 2. The Bragg

This allows a direct measurement of interatomic distances diffraction peaks are clearly visible out @ ~ 20 A in

to be made, without any of the assumptions inherent in the the 10 K data set, and © ~ 12 A1 in the 300 K data set.

normal crystallographic analysis of Bragg diffraction, in  The more rapid decay wit) of the Bragg reflections in the

which a single unit cell is used to describe both the averagehigher temperature data set is a consequence of greater

and local structure. The high reciprocal-space resolution of disorder, including larger thermal motions at 300 K. Another

GEM? also allows us to carry out conventional Rietveld notable feature in the 300 K data set is the saw-tooth diffuse

analysis, and thus determine the average structure of ascattering, visible above 157, which resembles that seen

crystalline material. For disordered crystalline materials, the for AQCN® and CuCN! and is a characteristic feature for

goal is to produce a model that can account for both the one-dimensional chains. The low region of the total

@) Hibble, S. 1. Cheyne, S. M. Hannon. A. C.. Eversfield, Sinrg gorrelation functionjl’(r), obtaipeq via a Foqrier.transforma-
Chem.2002 41 4990. e ' : tion of the interference functichis shown in Figure 3.

(5) Stemmler, T. L.; Barnhart, T. M.; Penner-Hahn, J. E.; Tucker, C. E;;  Peaks inT(r) correspond to frequently occurring inter-
Knochel, P.; Bme, M.; Frenking, GJ. Am. Chem. S04 995 117, atomic distances in the sample. The peak around 1.15 A can

Results and Discussion

12489. - ;
(6) Kroeker, S.; Wasylishen, R. E.; Hanna, JJVAm. Chem. So4999 be ascribed to the €N distance, and that around 1.97 A
121, 1582. can be ascribed to both AtC and Au-N correlations. The

(7) Bryce, D. L.; Wasylishen, R. Hnorg. Chem.2002 41, 4131. . ) L
(8) Hibble, S. J.; Hannon, A. C.; Fawcett, |. D.Phys.: Condens. Matter  Structure determined by Bowmaker et giives significantly

1999 11, 9203. different Au—C and Au-N bond distances ada,—c = 2.06

(9) Hannon, A. C. InEncyclopedia of Spectroscopy and Spectrometry _ - .
Lindon, J., Tranter, G., Holmes, J., Eds.; Academic Press: London, A andday-—n = 1.82 A’ and hence is in error. The internuclear

2000; vol. 2, p 1479. distances obtained by fitting the peakslTifn) at around 1.15
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6 and the assumption is normally made that this also gives an
accurate description of the local structure. This is not always
the case, as Weand other¥ have shown in the past. Indeed,
conventional analysis of Bragg diffraction for CuCN and
o AgCN fails in this respect, as discussed above. In the case
| of CuCN and AgCN, we were able to account for the failure
of conventional Bragg diffraction to produce an accurate local
" structure in terms of the disorder in the materials. This
o RS Al AR~ disorder was evident in the appearance of the interference
. ' ' ' function, Qi(Q). In contrast, the interference function for
0 1 2 3 4 5 AUCN at 10 K does not immediately suggest a high degree
/A of disorder, although the 300 K data are reminiscent of the
Figure 3. Experimental correlation functioff(r) for AUCN at 10 K (thick CuCN and AgCN data, showing saw-tooth diffuse scattering.
line) and 300 K (thin line). We therefore considered it useful to carry out conventional
Table 1. Parameters Obtained from Fitting the First Two Peaks in the Rietveld analysis of the Bragg diffraction data to determine
Total Correlation FunctionT(r), for AUCN at 10 and 300 K, the whether it would produce the correct local structure for
Deriyed Chain Repeat Distance, and Parameters Derived from Rietveld AUCN, and, if not, to gain an insight into Why it failed to
Profile Refinement -
yield the correct answer.

4

Au-C/N

T(r)/Ibarns A
N

10K 300K Rietveld Refinements Three different models were used

:jch///}\ffrom L(r) y 11-115:1“;17((2‘;) 11-111%%?) to describe the average structure and refined using the
Ic—N rom Rietve . ) . . . )

e, 2Y%/A from T(r) 0.022(1) 0.028(1) R|etve_ld method. The refined atom_lc d|splacemer;t factors
e 2¥2/A from Rietveld 0.129(2) 0.212(1) are given as root-mean-square displacement&}?, to
rAH/N/éfrom T(r) 1.9717(5) 1.9703(5) enable easy comparison with the values used to broaden
%A:*féxggf,g?g”fiﬁt‘f('g 01.(?:19((11)) 01-(?5626((11)) interatomic correlations in th&r) models. The root-mean-
Mau—on22/A from Rietveld 0.121(2) 0.224(2) square displacemenfj?[¥? is related to the commonly used
chain repeat distanced-n + 2rcu-cn)/A  5.098(1) 5.090(1) B values for Bragg diffraction via
derived fromT(r)
c parameter/A from Rietveld 5.08238(5) 5.07256(3) 2
aparameter/A£ day—au) from Rietveld 3.3426(1) 3.3915(1) B =8z W0 (1)
and 1.97 A are given in Table 1. The-®! bond length, Model A. In our initial refinement we used as a starting
rcen = 1.155 A, which we obtain by fittingT(r), is model the structure of AUCN determined by Bowmaker et
significantly shorter than the valuede—n = 1.21 A, al. in space groupémm? In model A, carbon and nitrogen

determined from Rietveld refinement by Bowmaker et al are on different sites and the CN groups are ordered head to
and is in good agreement with the values we found in AYCN tail along the metatcyanide chains, as shown in Figure 1.

and CuCNt This model was very unstable when used to fit the 10 K

The peaks inf(r) arising from both G-N and Au-C/N data set and converged only when we constrained the carbon
correlations are narrow. The peak at around 1.15 A due to and nitrogen thermal displacement factors to be equal. We
the C—N correlation is especially narrovitlc—n2(¥? ~ 0.02—- obtained the structural parameters given in Table 2.

0.03 A), and this reflects the strong triple bond between C ~ Model B. In this model, we initially placed carbon and
and N in the cyanide group. The narrow width of the nitrogen on positions 0,2and 0,0;-z and constrained the
correlation due to AuC/N shows that any difference in the  shift onz to be equal to minus the shift an. This ensured
Au—C and Au-N bond lengths must be extremely small. thatthe Au-C and Au-N bond lengths were equal, as found
There is no evidence for any splitting of the 1.97 A peak at from total diffraction, and remained so during the refinement.
10 or 300 K. The first two peaks ifi(r) change very littte ~ This model retain®6mmsymmetry and head to tail ordering
in position or width on heating from 10 to 300 K. However, of the CN groups.
the appearance of(r) beyord 3 A changes dramatically Model C. In this model, we gave each of the two nonmetal
when the temperature is raised, and the peaks become muchites 50/50 occupancy of carbon and nitrogen and constrained
broader. To account foF(r) in this region, a model has to  the Au—C/N distances to be equal. This model can be equally
be constructed, considering that beyond the first two peakswell described irP6/mmmwith 50/50 occupancy of a single
more than one pair of atoms normally contribute to the nonmetal site by carbon and nitrogen. In this model, the head
overall correlation functionT(r), and a simple assignment to tail ordering of the CN groups is lost. Model C gave the
of peaks to individual pairs of atoms is in general impossible. lowest weighted profileR-factor, Ryp, and the final fitted
To do this, we use information obtained from Rietveld profiles are shown in Figures 4 and 5.
analysis of the Bragg scattering, see below. Model A yielded inaccurate A4C and Au-N bond

We emphasize that the correlation functidifr), gives lengths, although they are much closer to the true values
information on interatomic distances directly and is not model - - ——
dependent. In conventional analysis of Bragg diffraction, an (10) TES;"S('E T,\',l.'”F'jf’Cé"('jSS.;tr‘;,‘fgﬁ]fnfr%”r“e;'zfﬁaNcéﬁ”Egmg%’)&' D
average unit cell is used to describe the periodic structure, references therein.
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Table 2. Structural Parameteérsind Interatomic Distances for AUCN Determined by Rietveld Analysis, with Au at (0,0,0); and C and N 2t (0,0,

model T/IK Zc N mJAUZB/Z/A HMCZB/ZIA mJNZE’/Z/A pr/% dAu—dA dAu—N/A dc—N/A
A P6mm 10 0.383(2) 0.610(2) 0.078(3) 0.090(2) =m2¥2 1229  1.95(1) 1.98(1) 1.15(2)
A P6mm 300  0.392(3) 0.618(3) 0.167(3) 0.104(6)  0.187(5) 7.64 1.99(2) 1.94(2) 1.15(2)
B P6mm 10 0.3868(2) =-z 0.077(3) 0.090(2) =mcA¥? 1230  1.966(1) =dan-c 1.151(2)
B P6mm 300 0.3871(2) = -z 0.168(2) 0.106(7)  0.183(6) 7.67 1.964(1) =da,c  1.145(2)
CP6/mmm 10  0.3875(2) = —2z(Occ=50%)  0.080(3) 0.091(2) =m2®2  11.93  1.969(1) =dac 1.144(2)
CPe/mmm 300 0.3876(2) = —z(Occ=50%)  0.167(2) 0.150(1) =me232  7.52 1.966(1) =dac  1.140(2)

aa = 3.3426(1) A,c = 5.08238(5) A at 10 K; an@ = 3.3915(1) A,c = 5.07256(3) A at 300 K.
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Figure 4. Final fitted profiles (crosses, observed; line, calculated) from
Rietveld refinement, model C, for AUCN at 10 K shown in upper frame.
Vertical tick lines indicate the positions of the allowed reflections. The
lower frame shows the residualsofs — lcaid/esd) for the fit.
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Figure 5. Final fitted profiles (crosses, observed; line, calculated) from
Rietveld refinement, model C, for AUCN at 300 K shown in upper frame.
Vertical tick lines indicate the positions of the allowed reflections. The
lower frame shows the residualdofs — lcad/esd) for the fit.

determined by fittindl(r) than those obtained by Bowmaker
et al! Models B and C, which constrained the AG and
Au—N bond lengths to be equal, both gave good Rietveld form of disorder is often related to the sample preparation
profile fits and bond lengths close to those determined from and history, but this is beyond the scope of the paper, because
T(r). However, both contain the extra informatiah,—n =
dau—c, obtained from thd(r) measurement. Model C gives
the lowestR,,, consistent with the expected head to tail

disorder of CN groups, but this is not definitive, and other
techniques are necessary to determine the degree of head to
tail disorder. One unusual result from Rietveld refinement
is that, although AUCN expands in tleedirection as the
temperature increases from 10 to 300 K, it contracts slightly
alongc. There is thus a negative thermal expansion in one
dimension. This behavior reveals the nature of the dominant
vibrational motions of the chains. These motions involve long
wavelength cooperative motions of relatively large numbers
of atoms in a direction perpendicular to tbéirection. The
displacements for these modes are relatively large due to
the lack of strong bonding forces between the chains. A rise
in temperature causes the population of these modes to
increase so that there is an increase in the thermal atomic
displacements perpendicular to the chain axis. The @IN

and C-N bonds are much stronger so that their length, and
hence the overall length of the AUCN chain, changes little
with temperature. The transverse atomic displacements are
compensated for by pulling the ends of the chain closer
together, so that the chain length is preserved, and conse-
quently there is a contraction of tiedattice parameter. These
sideways motions of the atoms in the chains will increase
with temperature, resulting in a higher effective cross section
in the ab plane for each chain and, hence, expansion of the
a lattice parameter with temperature. Such motions also
explain whyda,—cn anddc—y found from Rietveld analysis,
which yields distances between the mean positions of the
atoms, are shorter than,—c,n andrc—y found from T(r)
which yields a direct measure of interatomic distances.

Close inspection of the fitted profiles in Figures 4 and 5
shows that problems still remain in fitting the Bragg
diffraction pattern. One problem, most clearly seen for the
10 K data, is that the four strongest reflections appear to be
more intense than those predicted by the model. These are
hkO reflections and a possible explanation might be preferred
orientation. However, we were able to reject this hypothesis
by comparing the profiles from groups of detectors at
different azimuthal angles. These showed no significant
variation as a function of azimuthal angle. The main source
of the apparent discrepancy in intensities is the narrower
width of the hkO reflections relative to those of thiekl
reflections. This gives an insight into one mode of disorder
in AUCN, i.e., static displacements (stacking faults) of the
chains with respect to each other along their length. This

we used a commercially available sample, as did Bowmaker
et al! for their diffraction studies. The fact that theo0
reflections are the most intense in the pattern might explain

Inorganic Chemistry, Vol. 42, No. 15, 2003 4727
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why the Rietveld refinement of Bowmaker et'agjave a 9
structure with the wrong bond lengths and thermal displace- s |
ment factors. The basic structure of AUCN is remarkably ;.
simple, and only the parameter for the atoms needs to be 6
determined. However, although thkO reflections dominate
the diffraction profile, they contain no information on the
value of thez parameter for Au, C, and N. The problem is
exacerbated in the room temperature data of Bowmaker et
al.r because many of thekl reflections overlap with thako
reflections. The accidental degeneracy of these and other '/
reflections at 300 K can be seen by comparing the profiles  ©1
in Figures 4 and 5. For example, @tspacings of around -1 ; , ‘ ‘
1.45,1.7, and 2.5 A, it is clear in the 10 K profile that there 0 2 4 6 8 10
are pairs of reflections, th200103, 110/003and101/002 , A _
respectively. However, these pairs of reflections become e .  Tuo ot MiOK (rosees) & 10 K allOpors Contruove,
nearly coincident at 300 K. Bowmaker et &lysing a information.

medium resolution constant wavelength diffractometer with
much poorer resolution and collecting a much smaller

T(r)Ibarns A*

9

number of Bragg reflections, had effectively very little 8

information in their diffraction pattern for AUCN, and this 71

probably explains why their structure determination is in 6

error. :é 5
5 4

Structural Modelling s,
~

Rietveld analysis confirmed that the average structure 2
could be described iR6mmor P6/mmm This information, 1

together with the lattice parametgrwas combined with an 0

effective lattice parametear (= rc-n + 2rau—cm), andzen, L F . .

obtained from fitting the first two peaks ifi(r). Thus, we 0 2 4 6 8 10
constructed structural models in space groBpsim with riA

CN head to tail ordering, and iP6mmm with no CN Figure 7. T(r)exp for AUCN (crosses) at 300 K, anf{r)model (COntinuous

line) for our final model incorporating both Rietveld and correlation function

ordering. We then calculatem(r) for each model using the ;.= .~

program XTAL!! The difference in the calculatet(r) is
found to be extremely small, and it would be impossible to Table 3. Structural ParametettJsed to Produce the Total Correlation
observe the effect of headail disorder in the experimental ~ F4nction.T(NDmodei for AUCN in PEmMmM

correlation function, even using our high-quality data. The 10K 300K
close similarity ofT(r) produced by the two models is due alA 3.3426 3.3915
to the equality of the AuC and Au-N bond lengths. The Z;A g-gggg% g-ggg’?
only differences a_rise because of the diff_erence .between m:/cNENZBQ/A 0.022 0.028
products of scattering lengths, and the maximum difference intrachain(u2(¥%/A 0.051 0.052
betweeriT(r) for the fully ordered and fully disordered chains interchaint?3%A 0.100 0.179
. . . de-n/A 1.155 1.150
is 2%. We are thus unable to determine whether head to tail dru_cn/A 1.971 1.970

disorder occurs in AuCN using total neutron diffraction.
Other experiments, possibly NMR or idsbauer, are neces-
sary to provide a definitive answer on this point.

Figures 6 and 7 show a Comparison betwé'er)exp and follows. The first C-N peak inT(r)mode|WaS broadened USing
T(r)modei for the final models used to describe the structure the width obtained by fitting the first peak iT(r)exp All of
of AUCN at 10 and 300 K. The parameters for these models the other intrachain peaks were broadened using the width
are given in Table 3. The agreement betw&én.,, and from the fit to the second (AUC/N) peak inT(r)exp Finally,
T(r)cac is excellent at both temperatures and demonstratesthe interchain peaks were broadened using a larger width
that these models give a good description of both the short-which gave optimal agreement between model and experi-
and intermediate-range structures in AUCN, as well as the mental correlation functions in the distance range beyond
long-range periodic structure. We found that it was necessaryie first two peaks. This third width is larger because there
to use three different root-mean-square displacemats?, are no chemical bonds between the chains. Table 3 reveals

to broaden the model correlation functiom(r)meges as that the W2 values for the first two types of correlation

(11) Hannon, A. CRutherford Appleton Laboratory ReppRAL-93-063; hardly Change with tempgrature k_)etween :_I'O ahd 300 K.
Chilton, Didcot, U.K., 1993. However, thdt2@2 value for interchain correlations increases

a2 Au at (0,0,0); C and N at (0,9, with 50/50 occupancy.

4728 Inorganic Chemistry, Vol. 42, No. 15, 2003
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by a factor of almost two. This again shows that the chains Table 4. M—C/N Bond Lengths in Disordered Group 11

are held together rather weakly. Monocyanides, as Determined by Total Neutron Diffraction.

The P@? values employed to broaden the different CuCN AgCN AUCN
contributions toT(r) for a material, assuming no correlation du-cn/A 1.85 2.06 1.97
between atomic motions, are related to the atomic values
obtained from Rietveld analysis by general assault on the structure of a disordered crystalline

material without a priori knowledge using only Bragg
[, 0= 70+ 0 (2) diffraction, would, we believe, often be more time-consuming

] than using total diffraction, and would lack the final
where [lii"represents the mean square broadening for theygjigation, a direct measurement of interatomic distances,
correlation function between a pair of atoms, a and b, and iyt the |atter technique provides.

«’Uis the mean square displacement for atom a. The There is a question often asked about work on polycrys-
(We—n?% and [ia,-cn?? values derived from the final  (5)jine materials, “Couldn't single crystals be grown?” The
Rietveld refinements (Table 1) are much higher than the jnpication is that single-crystal X-ray diffraction would
values found for the first two peaks (e, Thisistobe  gove all the structural problems that are unresolved in a
expected, as these peaks correspond to correlations betweeﬁ‘owder diffraction study. This is not necessarily the case
strongly bonded atoms whose motions are highly correlated. for gisordered materials. Reckeweg and Simon have recently
The W2 Y2 values in Table 1 are, as might be predicted, of grown single crystals of AgC However, the &N bond
the same order as those needed to model the interchaingngih they obtain from single-crystal X-ray diffraction of
correlations inf(r), but, perhaps less predictably, are slightly 1 17(2) A is too short and has a significant error associated
larger than the values we used in modelif{g). The reason  \yith it.13 |n the case of AgCN, at least, the use of total

for this is that the atomic displacements obtained from naytron diffraction has proved to be worthwhilelowever
Rietveld analysis include the effect of structural order over ihis is an ongoing story, and, as analysis of single-crystal

a length scale longer than that which we have modeled inx_ray giffraction from disordered crystalline materials

T(r). At these longer distances, stacking faults, apparent fromimproves, the balance may shift. We await with interest a
the hkl dependent peak shape, make an additional Comribu'single-crystal study of the structure of AUCN.

tion to disorder. The M—C and M—N bond lengths are equal in CuCN,
The structural models we have produced for AUCN at 10 AgCN, and AuCN, and they follow an interesting sequence,

and 300 K account foff(r) over the 6-10 A length scale as shown in Table 4. The AtC distance is in good

extremely well. We have previously been able to achieve agreement with that found in compounds containing the

such excellent agreement betwekn)ex, and T(I)model ONlY [AU(CN),]~ complex ion, such as TIAU(CMY with dau_c

when using simple models with few adjustable parameters — 1 g7 A and RbAU(CNJ® where three different A4C

for ordered crystalline compounds (for example,>Zn gistances of 1.91, 1.95, and 1.97 A are found. The fact that

Mo30s).12 The fact that the structural modeling is so much dag_cn iS greater tharda,_cn might at first sight appear
better for AUCN than for AgCRand CuCN shows thatin g rprising. This phenomenon, which can be explained as a

these two materials the static disorder, involving chain ¢snsequence of relativistic effects, is seen in other cyanides

displacements, is more complex than that in AUCN. containing gold and silver. For exampliyg_c = 2.06 A in
Itis worthwhile considering whether conventional Rietveld o [Ag(CN)]~ complex ion in TIAG(CN},'® and has an

analysis could be used in isolation to determine the structurea\,erage value of 2.10 A in RbAG(CMH-O).42" In both
of AUCN, because our final model, model C, does yield good cases, the AgC distances are longer than the AQ
interatomic distances. Total neutron diffraction is both jistances in the [Au(CN)~ complex ions found in the
expensive and time-consuming. What are the benefits to theclosely related gold compoun#sts

chemist? We believe that the most obvious benefits are the

very accurate and direct measurement of bond lengthsConclusions

without recourse to a model, and the experimental proof that
the final model used to fit the Bragg diffraction is a good
model. It is only possible to be confident of the results from

We have determined accurate bond distances in the

disordered crystalline cyanide, AuCN, by the use of total

; : ) ) neutron diffraction, and we have discovered two forms of
analysis of the Bragg diffraction data from disordered

materials when they are checked against the results of totaldlsorder in AUCN: (1) Short-range disorder between the

diffracti | incin| that h di d h AUCN chains. This is seen in the total correlation function,
ttiraction. I principie, now that we have discovered muc T(r), over the 3-10 A length scale and can be modeled by
more about the nature of the disordered structure of AUCN

) : ; : ' ing the i hai lati high h
further improved analysis of the Bragg diffraction could be broadening the interchain correlations to a higher degree than

. ) . 2 the intrachain correlations. This is evidence for random
envisaged. This would require the writing of computer code
for Rietveld analysis, tailored to this specific type of disorder. (13) rReckeweg, O.: Simon, &. Naturforsch2002 57, 895.

Among other features, the new software would need to (14) gfqmi;l& Ludi, A.; Buergi, H.-B.; Tichy, KActa Crystallogr.1984

include the correchkl dependent peakshapes. However, a (15 Schubert, R. J.; Range, K. 2. Naturforsch 1990 B45, 629.
(16) Omary, M. A.; Webb, T. R.; Assefa, Z.; Shankle, G. E.; Patterson, H.
(12) Hibble, S. J.; Cooper, S. P.; Patat, S.; Hannon, AA&@a Crystallogr. H. Inorg. Chem.1998 37, 1380.

1999 B55, 683. (17) Kuehnel, S.; Range, K.-Z. Naturforsch.1993 B48 133.
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displacements of the chains in the direction of the chain axes. Data Reduction and Analysis: Rietveld Analysis.Data for

(2) Longer range stacking faults, which result hkl Rietveld analysis were obtained by combining the signals from the

dependent peakshapes. 90° detector banks and normalizing to the neutron flux, by use of
We suspect a third form of disorder, CN head to tail the vanadium rod data. Rietveld refinements were carried out using

disorder along the infinite-Au—(CN)—Au—(CN)— chains,  the Program, TF12LS; over thed-space range 0.5278.088 A

but our diffraction results, although consistent with this form with the peak shape modeled by a pseudo-Voigt function convoluted

f disord ble t id . | evid with a double exponential function. The coherent scattering lengths
[0} ( Isoraer, are unable 10 proviae unequivocal eviaence asused for Au, C, and N were 0.763 10-4 m, 0.6646x 10~ m,
to Its presence.

) and 0.936x 107* m, respectively? We used as a starting point
The temperature dependence of the lattice parameters fronjor our refinement the structure of AUCN determined by Bowmaker

Bragg diffraction show a negative thermal expansion in one et al! The scale factor and nine polynomial background parameters
dimension, along the-axis. The total neutron diffraction  were refined first, followed by the unit cell, the atomic parameters,
results indicate that this is due to long wavelength motions displacement factors, and finally the peak shape parameters.
perpendicular to the chain axes. Total Neutron Diffraction. The total neutron diffraction data
We have demonstrated once again that total neutronWere obtained by use of three detector banks at nominal scattering
diffraction provides a powerful tool for the study of angles of 20, 60°, and 90. Correction for multiple scattering,

disordered crvstalline materials. attgnuation, and inelastigity, and normaliza_tion to absolute scattering
Y units was performed using the ATLAS suite of progr&ts.The
Experimental corrected and normalized data from the three detector banks were

merged to yield an interference functidpi(Q), which covered the

Data Collection. Time-of-flight powder neutron diffraction ¢ range 0.05240 A-1, and this was then extrapolated @= 0
intensities were measured on the GEM diffractonfea¢the ISIS A-L

Facility, Rutherford Appleton Laboratory, Chilton, Didcot, U.K.
A powdered sample of 1.3835 g of AUCN (Aldrich) was loaded [C0342043

into a thin-walled, 25:m, cylindrical vanadium sample holder of (18) David, W. 1. F.. Ibb 5 M- Math  Rutherford
. . . . avia, A O erson, . i atthewman, J. utherror:

nom|r_1al 5-mm d|amet¢r. The _effectlve densny_ of the sample, as Appleton Laboratory RepdriRAL-92-032; Chilton, Didcot, U.K.,

used in the data correction routines, was determined from the sample 1992.

depth. To obtain the low-temperature data, the sample was cooled(19) Sears, V. FNeutron Newsl992 3, 26.

to 10 K using a closed-cycle refrigerator. Background runs were (20) i"gf;”g”‘ig‘?AiQ%: Howells, W. S.; Soper, A. Kist. Phys. Conf. Ser
collected on the empty can and empty spectrometer and absolutg21) Hannon, A. C.ATLAS-online Manual http://www.isis.rl.ac.uk/

normalization data were collected for a standard vanadium rod. disordered/Manuals/ATLAS/atlas_online.htm.
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