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1 Introduction 
1.1 Modulation Properties of Tungsten Bronze Nio-

bates 
The incommensurate (1С) modulation structure of alkali alkaline earth nio-
bates of tungsten bronze type was thoroughly studied by different meth
ods, especially on barium sodium niobale (DSN). The features of modu
lation have been elucidated by means of the high-resolution ТЕМ tech
nique [1] and diffraction methods using X-rays [3], electrons [2] or neu
trons [4]. Due to chemical composition barium strontium niobate mixed 
crystals SrII3ai-xNbJOc (SBN-lOOx) are inherently disordered, and besides 
the 1С modulation [5] the features of diffuse phase transitions occur [(>]. 

Contrary to BSN which undergoes a lock-in phase transition (PT) into a 
(quasi-)coinmensurate phase, in the temperature range between room tem
perature (RT) and about 8001ч the 1С modulation in SBN was found nearly 
independent on temperature [6]. The 2q-modulalion is expressed by the 
modulation vectors 

qe± = ±(1 +/))/4 a * ± ( l + 6)/4 b* + 1/2 c* (1) 

(a*,b",c*— basic vectors of reciprocal lattice) 
At RT, the modulation parameter <5 is only very weakly influenced by 

an external electric bias field (6). It increases only slightly for the higher 
disordered compositions with higher Sr-content [7). In the neutron diffraction 
pattern of SI3N [6] besides the strong lirst-oder satellites the second-order and 
partly third-order peaks could be identified. The higher-order satellites are 
not easy to be seen by the other diffraction methods. However, there is no 
doubt that the new 1С spots around (h + 1/2 h + l/2 1) in the [II0) zone, found 
in the electron diffraction at 1ПШМ studies of La-modifies SUN ceramics by 
Clioo et al. [8), are only satellites of second order. 

1.2 The Aim of Modulation Structure Studies 
Many publications are concerned with the origin of the 1С modulation in 
tungsten bronze niobatcs. Imperially, the modulation features of the co
existence region of lq- and 2q-modulation in BSN below the PT were in
vestigated, and a simple relation between discommensuratiou density and 
modulation parameter 6 was found [!)). 

The influence of imperfections (increased by doping or irradiation), as 
found in BSN [10], seems to exist in SUN, loo. The 1IK1SM images of C'hoo [8] 
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show the presence of {110} planar defects ({110} platelets of an unit cell 
sparing). These extended defects seem to induce a stabilization of the 1С 
phase and enhance the nature of diffuse PT. Further electron diffraction 
measurements on SON-50 (11] have shown that the 1С modulation is changed 
at я I'T. 

For these reasons we are interested to measure also small induced changes 
of I he Л-Parameter. 

2 Accurate 6-Parameter Determination from 
Second-order Satellites 

2.1 Methodical Aspects 
The accuracy of the ^-parameter determination from the time-of-flight (TOF) 
rlata was limited by the facts that main peak and first-order satellite positions 
must be calculated from different scattering directions, recorded in different 
angular sections of the position sensitive detector. A change of 6 is reflected 
by changes in time channels as well as in angular positions. 

These disadvantages could be eleminated if we use the second-order satel
lite positions along the [110] direction for the determination of the 1С mod
ulation parameter. 

Figure 1: Localization of parent reflection (•), first-order (0 ) , and second-
order (o) satellites at the (ПО) reciprocal lattice plane 

In Fig. 1 the positions of parent and satellite reflections (drawn up to the 
second-order) are given by 
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4klm = TIM + "lCUi. (2) 

(Ь,к.l,m - integers) 
'I 'lie f'),/,, are tin- parent reflections (likl) and i\i± is I lie 1С modulation vectoi, 
used as a fourth basis vector. From Fig. 1 it is easy to see tha t using, the 
pair distance of second-order satellites the modulation parameter b cap, be 
expressed by I he following relations 

" X 4 У Д ( г , , , т М 1 ) v/2" ' 

with 
Д ( ^ 2 i •*% ) ~ l r/,li l - l J " r M L M I M l - ? l ( ' ' ) 

А(т,,,Т)й. |) = \fhM - f)l+, /,+i i! . (.ri) 

Using only a single second-order satellite position we get 

h = '2 
|A(.St,^,)-i(A(^,r, l+1)| 

Д(т7.,ТМ|) 

with 

Д(.С ' '* !Ш|) = |-rjCh /_| , - f M 1 , H , i| = | т м , , l+1 l + 1 _2 - т ш | . (7) 

'Пи- here used advantage of this method comes from the fact that in SHN 
all lhe.se relevant peak positions may be determined from T O F scans along 
{ 1 1(1) zone directions alone. 

In T O F technique at fixed scattering angle 2 0 , the lattice spacings <//,AI„, 
follow from the determination of the neutron wave length Л like this 

£(#••*,-) = l-r- - T - I = |2«»8(-r- - r~) l . № 

Д(г,,г,,+1) = | - L - — J 1 = |2sin0(-—' - i - ) | . (9) 
" Ш <M,+ l M l J Л | 1 + 1 | , 4 | | Л;,;,| 

The wave length A is determined fiom the time-of-flight t and (light-path 
/. by the relation 

A c x } . (10) 

Fiom <i flight-lime analyzer with a t ime channel width c/iw, started with a 
time shift (,,/,, the time ( is given by 

t = dm diw — t,h ~ diw(dni — rfe/) . (11) 

4 

http://lhe.se


For a fixed flight-path distance we have 

and thus 

Introducing 

s MS}, 
bin,-

with 

For the here 

chn' 

• i 'f) 

A oc (chn — del) 

l l . . ( l 1 ) 
Ai A2

 K chili — del chtii — del' 
= chn — del we gel 

• i 
chn' chn'_ c/lfl"+ — 

~ ' ' > ' ~ 'rkn' rk 
chn'hh, cfcn;41 „ + 1 , ft"' 

F
 chn'hhlchn'h+l M-l 1 

chn'+chn' s, s, 
used SBN data the factor FK ~ 1 , and we 

Дс/т* + 

~ Д с Л п Л Л + 1 

chn' 
пШ M-l I 

get 

(12) 

(13) 

FK (14) 

(15) 

(16) 

"ЛЛ+1 

From Equ. (6) follows analogously 

2chn'h Дс/т* . 2c/mt,, Achn' „_ 
5 = 1 A » + ' * - l | = | ^ i & - - l | . (17) 

сЛп*+ Д с / т ; А + 1 сЛп^_ ДсЛг»;л+, 
The Fqu. (14) shows that (at fixed channel width) the accuracy of the 

determination of the channel numbers in the spectra determines the exper
imental error. In particular, this method is now sensitive enough for mea
suring of very small changes of the 1С modulation parameter which occur in 
SBN under influence of external parameters (temperature, electric field) and 
at relaxation processes. 

The main problem of this method is the low intensity of the second-order 
satellites. Лп enlarged measuring time is required to get reasonable peak fit 
data. However, because from the fitting only the peak position is needed a 
relatively low fit quality could be accepted, too. 

If only one of the two S2 satellites are detectable a determination of 6 is 
possible by using Equ. (17). 
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Table 1: Field dependence of the modulation parameter Л of SBN-70 at room 
temperature 

lloflrclioiis: (M/IO),(''+ \ h + 1 0) 
(1 1 01.(2 2 0) 

~FK - Faktor'l 
I .o:i5G 1 0.5% 

/ ;i> 
:k\'i 

tn U 
H ! 2 

4-0 i 

t I I) 

(Scli'i' 4 

/channels 

-io.G5i:i% 
.10.85*2% 
10.5012% 
M - 1 3 1 2 % 
зо.ю±з% 

А с ' " ' 5 ' л Г 

/channels 
и PI: л к 
40.57±'1.2% 
-10.48-fc3.8% 
•10.81±3.1% 
•10.351-1.2% 
38.991-1.3% 

brl,n'\.h,i 
/channels 

198.18+0.03% 
198.2210.03% 
108 24+0.03% 
198.2110.03% 
198.32 + 0.03% 

t 

I'rnk - / ' 1 (Ф 
0.212-113.5% 
0 2082 + 2.3% 
0.212112.5% 
0.2112 + 2.5% 
0.20-12+3.5% 
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U PICA К 
0212l )± . | .5% 
0.21151-1.3% 
0.213213.0% 
0.2082+4.7% 
0 203015 .3% 

ГИ-cJb-riions: (/l'i0),('i h 1 '' +'l 0) 
| (2 2 0), (3 3 0] 

f\ - Fnktnr 
1.0152 ± 0 . 5 % 

/. l! r-
/kVrm 

I fl 

i l l II 

H I .' 

II) 5 

4 1 II 

i r '"V..s-
/channels 
I'eak - Fit® 
18 7 9 1 4 % 
lrl 1014% 
20 15157c. 
18 .0115% 
18 .5211% 

Дг /n iV 

/channels 
U РЕЛ К 
18.811-1.7% 
18 801-1 8% 
10.5515.7% 
IS.0515-1% 
18.501-1.7% 

Дс''Ч.*и 
/channels 

08.8710 0-1% 
98.9710 0 1 % 
ЯЯ.94 ±0.0-1% 
us O;I±O.OI% 
B8.89±0.0-l% 

i 

I'cak - Fit® 
0.192914 5% 
0.1959±4 5% 
0.20r>R±5.5% 
0.19-M±5.5% 
0.1901+4.5% 

i 

игклк 
0.19311:5.2% 
0.103515 3%. 
0.2000 tC 2%, 
0.10-1515 9% 
0.19001-1.2% 

3 Results 
3.1 Influence of an electric field on 1С parameter 6 
l o r comparison the fitting of the peaks was done using the program systems 
1'rakFil'y* and Uf'EAK7. The results for peak positions, which are only rel
evant here , are given iti Table 1. 

It is obtained that the error of {-parameter is dominated by the error 
value of Дс/ш" + . The amount of the other errors does not exceed 1%. 
Two typical pictures of fitting the low-intensity second-order satellites are 

'Jandel Scientific 1991 
'written by Ziokazov, JINK Dnhna 
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Figure 2: Examples for the fitting of separated and overlapping weak peaks 
of second-order satellites of SBN-70 

shown in Fig. 2. The dependence 6 on the external field E \\ c* is shown 
in Fig. 3. As found earlier [6], for these field strengths the measured small 
changes do not exceed the experimental error limits. From Table 1 and Fig. 3 
it is obvious that the values of the «5-parameter obtained from the S7 -pair 
between (220) and (330) are systemtatically lower than those from the pair 
between (110) and (220). The difference values are comparable with the 
full amount of the experimental error . However, more extended methodical 
studies would be necessary to find out the cause of these differences. 

3.2 Temperature dependence of 1С parameter 6 
At cooling from RT down to 10 K, the temperature dependence of 6 was 
determined by Equs. (14) and (17). The results for SBN-70 are given in 
Fig. 4 .The data are received from the second-order satellite pair between 
(110) and (220) reflections . The higher error level of about 7% comes from 
the lower satellite peak intensity due to the shorter chosen measuring time. 

4 Discussion 

The method described above possesses an improved accuracy which allows 
to study very small changes of the 1С modulation parameter S in SBN. On 
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Figure 3: Dependence of 1С modulation parameter 6 on external field at RT 
for SBN-70 and SBN-75 (error levels related to mean values (boldface lines); 
( • ) and (o) - results from UPEAK and PeakFit® ; upper values (•) | lower 
values ( • ) from S} between (110) and (220)| (220) and (330)) 
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Figure 4: Temperature dependence of 1С modulation parameter of SBN-70 
at cooling ((D) - using Sf pairs; (•) - single S2 satellites) 
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SliN 70 and SHN-75 (he influence of an electric field Ё \\ c* on 8 was studied 
and, in agreement with our older results [6], only small changes were found 
for both compositions. Small deviations occur in the 'critical' field region 
after switching, in which anomalies in Bragg and satellite intensities were 
also observed. 

Л1 cooling from room temperature down to 20 K, SBN undergoes several 
structural phase transitions [12]. In [6] was inferred that the modulation 
seems not to he directly coupled with the ferroelectric properties. Never
theless, small changes of 5-parameter could give additional informations for 
the understanding and characterization of the the structural changes at the 
dinVient I'T's . 

Within the error limit, our data of the temperature dependence of 5 show 
small anomalies in two extended regions around the known PT's at about 
200 К and GO K, respectively. If we assume that the 1С modulation ex-
piess the discoinmensuration (or anti-phase domain boundary) density [11], 
it follows that at these transitions the order relation of the two intergrowing 
orlliorliombic structures is changed. These conclusions are supported by the 
agreement of our data with the electron diffraction data [11]. On SBN-50 
after the PT at !98 K, a significant change of the 6-parameter was found, too. 
The values increase sharply from 0.190 above to 0.200 below the PT. The 
more diffuse changes of the Л, observed in SBN-70, could be caused by the 
the higher structural disorder of this material, which also shows the features 
of a diffuse ferroelectric PT. 
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