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M ‘r & 10 the radial distribution functions for one atom type with respect to another arar +ma
3. Nou $ /'- b4 Qo oaf e
-

where o, J w g or b,

M i now accepted that the aim of structural analyses on two-componens systems
should be to sxtract 5, rather than F{Q). This can be done by varying the scattering

L(A"l"' oo 4 fu *A <u vak] et e

lengths of one or bath components in such a way as 1o provide three total structure

is.opic substitution of the chiorine, In table | we show the isotopes used in this work,
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together with the degres of enrichment and the relevant scattering lengths,

Tobla I.

Enrichment

ok f-a Sip

Coliseerit
catiering length
(x 10" ¥ em)

Teotops
[ i "Wy ’
Tf sl fachn J’ o o T
1 {mixrure) BN %% 39y
- Na msurl)

t. ch" S‘S.

by North o of (1958), and a summary of the experimental conditions is given In table 2,

F F‘ ‘l-l:) " 0“"‘5 The total struceure fastors F(Q) (figure 1) were determined by the methods described
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Figwre 3. Partit] structure facton relating to (a} CI-CY, () Na—C1 and (¢) Na-Na derived
kom tha direct 3:1:tion of equation (1); the etror band reflects the uncertainties in the
wxperim .. . shown in figune 1.

in 8, i only +0-2, We can therefore test whether an 3, can be found which satisfies, as
It must, the vame sum rule a3 5,

(i) 1f it does, 5, is evaluated immediately, If it does not, S, is adjusted and the pro-
cess started again at step (i)

The final S, 5, and 5, are shown in figure 4. We have demonstrated numerically
that our procedure leads to a unique solution within the error bands given. Thess errors
tepresent the variation allowed in any one of the partial structure factors as the other
two arg held constant.

Numerical inversion of the broken curves through §, 1o yield the two-body radial
tarcivtiion functions shown in figure 3 wan carried cut by standard procedures {North
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et al (1968). We have checked that the 3, shown generate the original dats within experi-
mental error (figure 1)
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4. Discumsion

The experimental work reported hers enables some definite conclusions to be drwn
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right experimental conditions,” The incident
wavelength was 8,27 L and the corrections due to
muitiple scattering need considerable care. How-
aver, the sample thickness was ~2 mm or less
#0 that a Monte Carlo method could be used to
make the appropriate correction. Several tests
were carried out ta check that the method was
sufficiently accurate for the present purposes,
the most stringent of which was a detailed in-
vestigation of a 5m solution of LiCl [Fig. 1(a)].
This 18 a complex Hquid but ia characterized by
& proton population which is in the fast-exchange
Umit. We therefors expect that (1) 5, 5(h,w) st
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FiG. 1. (s} The netron speotrs for u 9m solution of
LICI in H,0 fittad by & single Loremtzian, with ¥ values
showd fo brackets (ia inverse angstroms), () The half=
width of the Lorentaians in (a) as s funetion of ¥, The
slope corresponds 1 an stfective diffusion coolflcient
of (1.30+ 0.05% 10"* m? aec™*. (o} An attempt to Bt
the neutron spectra for & im solution of NICl, Ia H,0
by a single Lorentzian, The data were treated ln ex-

acily the same way as those ahown in (s},

ezch value of & will be a single Lorentzina,

(i) the half-width of Lorentzians should be strict-
Iy proportional te 8", and (ili) the value of the
mean diftusion coelficient I predicted by these
data should agres exactly with that derived from
NMR spin-echo techalg Thia Is b both
sets of data refer Lo the {ast-exchange limit, In-
spaction of Figs, 1{a) and 1(b} shows that {i) and
(11) are Indeed matistled, The slope of half-width
veraus ¥ yields a value tor B of (1304 0.05)

% 107" m' sec™ " which agrees, within experimen-
tal arror, with the spin-echo value of (1,234 0,05)
* 107 m? gec" !,

Conaider now the altuation in which ¢ types of
water molecule can be distingulshied on the time
scale of the experiment, For this case, 5,5k, w)
can be written as

55 G,w) = F (e, /D) PO NP +0?], [+]

where D, and ¢, are the diffusion coefficlents and
the atomic fraction, respectively, of the ith type,
Specifically, for two types of water,

s,"ot,m)-;'[‘—,T‘J:';’;i%_1 ‘ﬁ% "

We focus attention on Fig. 1{e), which shows
Sy'(k,w) at various # values for 3m solution of
NICl,. Thess data were corrected for multiple
scattering in the same way as those for the LICL
solutions referred to above, However, in this
cas® a single Lorentzian [Fig. 1{c)] does not re-
produce the experimental data (note especially
the deviation for b =0.31 A°Y) and this result
shows that there are at least twe relevant diffy-
alon coefficients (0, and D,). For the first shell
of NI** we know, from a vartety of studies,” that
the IN10 experiment refers to the “alow-exchange”
limit, 1.e,, the time scale of the measurement
(~10°° sec) 1s much shorter than the binding time
of water molecules 7, (~ 10" sec). Mareover,
since for binding times greater than 107 ' sec
the diffusion coetficients of the ion and the at-
tached water molecules are essantially aqual,
we can set D, =D, a quantity accessible inde-
pendently through tracer measurements, Reli-
able values of Dy, an a function of concentration

are available for both Ni’* and Mg'* in chloride
sclution and are shown o Fig. 2, The first-or-
der difference method® has shown that for Ni**
there are eix water molecyles in the first hydra-
tion shell., We can therefore calculate, wilhont
adjustable parameters, the ficet term in Eq. (3},
‘Water molecules In the second zone are in the
“Cunt-exchange” limit with bulk water so that the
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total contribution to the scattering law will be a
single Lorentzian characterized by a mean diffu-
slon coefficient D,, given by

Dy = (24D yge* Colol 0rs

where D, and c,,. are the diffusion coefficient
and the atomie fraction of water molscules in the
second zone and D, and ¢, Are the corresponding
quantities for tha bulk water molecules, The
first-order difference method ylelds & value of
154 2 water molecules in the second zone® 50 that
Cyee AN ¢, A7e known, and experiments on pure
water yield D, Once again, therefore, we can,
withoul adjustable parametess, find I by {it-
ting the obesrved $,7 b, w) with two T.orentzians
{Fig. )], The results for D, are shown in Fig,
2 for the case of NiCl, solutions, Similar resuiia
were chtained for MgCl, solutions (Fig. 3), We
have carriad oul A number of cheeks on these dats
to contisia the basis of our analysis, In Fig. 3b)
»e& how that two Lotestsians with D, =D, and

1o m! sec )

2]

7
¢ imolal)

FId. 3. 'The cationlo diffanios coeffolent D o, to-
gother with the ficted values for I, and caloulated val-
ues for D, for the two sohutions studied. {8} KiCl,
solutions. (b} MgCly solutions. Data from NMR meas~
urements were used in addition to the neutron resulis
to produce the ourve for Dy,

D,=D, fall to fit the experiment results, This
failure to (it with D, and D, is a direc! demor:'cy
tion that there are water molecules, other ='.n
thoae in the first shell, whose dynamical proper-
tles are affected by the presence of the :ations,
In this respect our results contradict those of
Sakuma, Hishino, and Fujii* which, in our view,
were obtained in the wrong reglon of {k,w) space,
The value of D, {(2.30+ 0,03)x 10°* m® scc™!]
used for the {its was taken Irom our own meas-
urements on samples of pure water for a range
of thicknesses between 1,3 and 2.4 .tun; this val-
ue agrees exactly with the accepted value of (2,30
20,05)% 107" m® sec! derived from the wark of
Mills.” This agreement conatitutes a fuytlier
proof that the multiple scattering affects are be-
ing properly atlowed foy. The value ol D, was
taken from Mills efal,’ The accuracy of D), ia
~% 19 but we have shown [ Fig. 3h)] that even if
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FIG. 3, Attempts to fit a thenretical curve tn the
neutron spectrs for various values of & for NiCl, aolu-
tions, The fitted functions were (a) two Locentzian
poaks, the narrow peak width determined by D, lcon-
ceotrations 2m)j (b) two Lorentzlan peaks, with both
widths flxed to correspond to Dy and Dy, and with uix
water molecules bound to NI™*, the rest conaldered
free. A range of Dy, values from {0.21 to 0.26)x 10"’
m? sec”! were tried and the resulting curves are all
contained within the band shown (concentration: 3m).
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