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Abstract The birefringence and optical activity of RbZZnCb have been measured in the n o d .  
incommensurate and ferroelectric phases. The measurements have been carried out using a 
high-accuracy universal polarimeter (HAUP). In contmsl to previous observations, an essentially 
null 813 gyration coefficient (setting Pcmn) has been obtained in the incommensurate phase 
(813 < 5x  IO-')), and no measurable change has been detected on entering the ferroelectric phase. 
Opticol pameten .  estimated in this phase using a classical point dipole-dipole polarizability 
theory, are consistent with lhe observed behaviour. In addition, a reprocessing of the previously 
reported measurements also shows that. within the experimental error, the resulting optical 
activity value is ~n agreement with OUR. The conclusions deduced from the present study, 
together with from some recently published results on gyration effects in cenvoaymmetric 
incommensurate phases, suppon the view that optical activity, like m y  other macroscopic 
property. IS symmetry restricted by the point group associated with the structure. Possible 
release from this rule when considering point defects in red incommemumte stmctures is also 
discussed. 

1. Introduction 

In recent years the optical properties of incommensurate (INC) materials have been 
investigated extensively [l]. In particular, much attention has been devoted to the study of 
the.anisotropy of the optical susceptibilities (especially birefringence and optical activity), 
since this provides helpful information about structural changes in these materials. Among 
the phenomena related to the  optical^ anisotropy, the existence of optical activity (OA) in 
centrosymmetric INC phases has become one of the most controversial and challenging 
problems from both the theoretical and experimental points of view (see [2]-[4] and 
references therein). On one hand, some theoretical approaches allowing for the existence 
of OA in these materials have appeared in the literature [5-8] in spite of the fact that 
conventional symmetry restrictions forbid any gyration effect [9, lo]. On the other hand, 
the measurement of OA in INC structures is rather complicated even with the high-accuracy 
universal polarimeter (HAUP) method [ l l ,  121, because the gyration coefficients are typically 
1000 times smaller than the birefringence. 

In fact, in all WC materials studied so far by more than one investigation group, the data 
reported by the different authors disagree with each other. For example, according to [I31 
and [I41 no measurable 0.4 appears in the INC phase of [N(CH&]2ZnC14 along the direction 
of the modulation wave vector. Nevertheless, in other works clear gyration has been 
observed in this direction 17, 151 and a somewhat smaller effect appears in the measurements 
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reported in 1161 and [17]. The case of RbzZnBra is also interesting. Measurements of all 
the gyration components gij revealed null values for all except g,3 (setting Pcmn) [18]. 
Furthermore, it must be stressed that the size reported for this coefficient (see also [5]) 
implies an OA in the INC centrosymmetric phase of the same order of magnitude as that of 
q u a r t z .  This greatly contrasts with further studies carried out by us, in which no gyrotropy 
could be detected in the INC phase of this material [4]. 

In view of this situation, it is evident that more experimental data are necessary to 
elucidate the general behaviour of the optical activity in INC structures. Moreover, it is our 
view that an adequate clarification of the measurement procedure with the HAUP method is 
still required in order to remove contradictions. 

Feenoelectric 

q = c'/3 

Pc2in 

I 
302 K 

II 
192 K 

III 

Incommensurate Normal 

q = 6 c *  q = o  

PCmn(OOGl(SS-1) Pcmn 

2. Experimental details 

Single crystals of Rb&Cla were grownat 315 K from an aqueous solution using a dynamic 
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method 1211. Large crystals with well developed natural faces and of good optical quality 
were obtained. The sample was a plane parallel plate, with dimensions 2 x 2 x 0.402 mm3, 
whose surfaces were polished with diamond paste with a grain size of 1 pm. 

According to the group at Waseda University [2-6], g13 is the only non-zero gyration 
coefficient in the INC phase. These authors have found this to be a general rule for all A2B& 
compounds showing the sequence Pcmn-Pcmn(0, 0, S)(s, s, --l)-PcZ,n. In this situation, 
the maximum value of the OA is attained for a-direction that makes an angle e = 45" with 
respect to the a axis, since the OA is given by G = gj3  sin 28. Therefore, in principle, 
the best direction for measuring the OA is that corresponding to 8 = 45". However, this 
direction is rather close to the optic axis at room temperature, and, therefore, problems could 
arise when using the HAUP technique in a broad temperature range. In order to avoid these 
difficulties, the normal to the plate was lying on the a-c plane in our sample and made an 
angle of 8 = 30" with respect to the a axis. On the other hand, along this direction, sin28 
is not far from unity (0.867) so the OA of the crystal is only a small percentage lower than 
the maximum attainable value. .~ 

The OA in the INC phase is thus given by 

G = sin6O0g~3. (1) 

The HAUP device has been described in detail elsewhere [4, 131. A 10 mW He-Ne laser 
of wavelength 632.8 nm was used as a light source.. The temperature of the sample was 
controlled by means of an Nz openflow cryogenic system (Cryostream, Oxford Cryosystems) 
[22], which permits a temperature stability of 0.1 K. The system of data collection and 
analysis is also explained in [4]. For each temperature, the quantities 

A = 4sin2(A/2) 

B = -(2k - y )  sin A + 26Y cos2(A/2) 

were determined from the global linear least-squares fit of all the raw data following the 
procedure described in [23]. In (2) and (3) A is the optical retardation and y = p - q. 
where p and q are the parasitic ellipticities of the polarizer and analyser. SY is an 'effective' 
deviation angle from the crossed polarizers position, which presumably arises as a result of 
small inaccuracies in the micropositioning system of the polarizers or surface roughness of 
the sample [23,24]. The birefringence An and OA are obtained using the equations 

A = (2ir/h)And k = G/2iiAn (4) 

where d is the sample thickness, ii the mean refractive index and A the light wavelength in 
vacuum. 

The measurements were performed on cooling from 335 K down to 125 K in steps of 
2 K. The time required at a given temperature to scan the desired set of 1 1  x 1 1 polarizer 
positions varied between 35 and 45 min. 

3. Experimental results 

The birefringence An versus temperature is shown in figure 2. These values were obtained 
from (2) and (4) together with a measurement at mom temperature of the absolute optical 
retardation and the sign of its derivative with temperature. The results are consistent with 
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Flgurc 2. The temperature dependence of the birefringence An of RhZnCln measured along a 
direction perpendicular to the b =is, and m a n g  an angle of 30° with respect to the a axis. 

those previously reported [25,26]. A linear variation of An with temperature is observed 
within the normal, INC and ferroelectric phases. The nOI"al-INC phase transition is clearly 
detected. A n  showing different slopes in the two phases. However, no anomalies in the 
behaviour of An can be appreciated in the INC-feITOeleCtriC phase transition. This behaviour 
is also in accordance with [26], where only very small jumps of An (- were observed. 

The OA was calculated from expression (3) once the errors 6Y and y were removed. 
The method normally employed in order to determine these parameters is to perform a 
linear fit of the values B/sin A versus cot(A/Z) in the normal phase. In this phase the 
OA must be zero by symmetry requirements and 6Y and y are directly obtained from the 
slope and intercept of the straight line [12]. In our case, however, the change of A in the 
normal phase is small and therefore this procedure is inaccurate. Nevertheless 6Y can be 
obtained by a different process. The open circles in figure 3 show B versus A (3). The SY 
value is extracted from B at A = 8n since at this temperature B = 2 6 Y .  An analogous 
method was employed in a quite similar situation [13]. Using this procedure, 6Y turned 
out to be (1.3 i 0.1) x lo-'. It is interesting to check the consistency of the values of B 
measured. As indicated in (3) B must be zero at the points A = 7rr and A = 9a since 
cos2(A/2) = sin A = 0. As can be seen in figure 3 this is fulfilled by our data rather well. 

The solid circles in figure 3 show the quantity 26Y cos2(A/2). Clearly the two curves 
depicted in this figure are similar in the whole range. This coincidence means that the value 
of B is almost exclusively due to the contribution of 6Y, which is in agreement with the 
facl that the B curve presents a maximum at A = 8n. 

Figure 4 shows B (open circles) and B - 2SYcos2(A/2) (solid circles) versus 
temperature. The second curve, which is equal to -(2k - y)s inA,  is below 5 x 
and presents a noisy appearance in the whole range of temperature. Taking into account the 
scattering of points and the uniform behaviour of the curve, even in the normal phase, in 
which k = 0, it is not possible to consider 2k different from zero in the whole temperature 
range under study. A very smooth undulation is, however, appreciable, which can be 
explained in terms of a small contribution from y .  In any case, 2k is expected to be 
smaller than 5 x lo4 for both the INC and lock-in phases. Using (1) and (4), a value of 
g13 < 5 x is obtained in the INC range. Although the symmetry permits a non-zero 
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4. Optical activity calculations in the ferroelectric phase 

From the results of the preceding section we deduce that RblZnCla shows a null value for 
the OA in the three phases under study. In the normal and 1NC phases, this is in agreement 
with classical symmetry requirements. It could be argued, however, that the present results 
are not sufficiently accurate to determine a non-null measurable value for the OA in the 
ferroelectric phase, where conventional symmetry conditions permit the existence of a non- 
zero g13 coefficient. Moreover, no different~behaviour for the OA could be detected in the 
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ferroelectric and INC phases and, therefore, the conclusion about the null gyration in the INC 
phase would not be fully justified. 

In order to investigate this point more thoroughly, we made a theoretical estimate of the 
magnitude of this coefficient by using the available theories that allow for calculating the 
optical properties (refractive indices and OA) in commensurate crystals [U].  The calculations 
were carried out utilizing a computer program (OPTACT) based on a classical point dipole- 
dipole polarizability theory, which gives rather good results when working with inorganic 
compounds [27-301. The program computes the gyration tensor and refractive indices using 
as input data the light wavelength and the atomic coordinates and polarizabilities. The usual 
way of working with OPTACT is to adjust the polarizabilities by trial and error until good 
agreement is obtained with the experimental optical parameters. 

Since the atomic polarizabilities in the ferroelectric phase are unknown, we estimated 
their values assuming that they are equal to those in the normal phase. The latter were 
calculated with OPTACT by using the experimental data for the OA (gij  = ~ O )  and refractive 
indices (nu = 1.560, fit, = 1.564, n, = 1.574 for a wavelength h = 633 nm at 310 K, which 
were measured with and Abbe refractometer). Taking the structural data for the normal phase 
given in [31], the resulting polarizabilities were cY(Rb) = 1.733 A’, a(Zn) = 0.265 A’ and 
a(C1) = 3.195 A3. Now, making use of these values and taking the atomic coordinates of 
the ferroelectric phase at 100 K [31], the following optical parameters were finally obtained: 
n, = 1.576, nh = 1.578, n, = 1.597 and g13 = 4.3 x lo-’. 

As can be seen, the order of magnitude of the birefringence is in accordance with 
the observed values (10-2-10-3 [26]). Also, it can be checked that the general trend of 
the temperature dependence of the birefringence along the three principal directions agrees 
reasonably well with the experimental data [26]. On the other hand, and more interestingly, 
the small size for the gyration coefficient is remarkable. The 2k value deduced from 
the g13 coefficient is 2k = 3 x for our measuring direction. Although, given the 
approximations we have made, a certain inaccuracy for 2k can be expected, it is clear that 
the obtained order of magnitude is correct and reliable. Since this small magnitude for 2k 
is not experimentally accessible with the present accuracy of the HAUP technique, it is not 
surprising we have not been able to detect any OA change between the normal, INC and 
ferroelectric phases. Therefore, we conclude that, up to the experimental capability of the 
existing HAUP polarimeters, there is no measurable OA in either phase of RbzZnCL. 

5. Discussion 

The (essentially) zero OA value obtained in this work for RblZnCI4 strongly disagrees with 
that previously reported for this material by Kobayashi and co-workers [20], who determined 
for a [ l o l l  sample 2k values reaching 2 x lo-’ in the INC phase and -3.5 x lo-’ in the 
ferroelectric phase. As has been shown above, this last 2k value is also in disagreement 
with our theoretical calculations. In view of such an important discrepancy, it s e e m  of 
interest to analyse these results thoroughly. Since the initial A and B points, from which 
the OA is deduced, are available in that work we have considered it appropriate to reprocess 
those data here in order to compare the results and look for the possible sources of the 
discrepancy. 

Figures 5 and 6 represent respectively the results for A and B obtained by Kobayashi 
er al for a [loll 0.243 mm thick plate of RbzZnClj (figure 2(a) and (b) in [ZO]). Only the 
points corresponding to the same temperature in both original figures have been reproduced 
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in figures 5 and 6. Although many points had to be discarded, the number of data depicted 
in figures 5 and 6 is large enough to represent well the trend of the original curves. 

Starting from figures 5 and 6, B against A is represented in figure 7 (solid points). 
The general behaviour of B in figure 7 is similar to that observed in figure 3 of [ZO]. 
Nevertheless, two important differences surprisingly arise. The points corresponding to the 
normal phase (A < 5 in figure 7) are much more compressed than in figure 3 of [20], as a 
consequence of the small variation of A in this phase (see figure 5). In addition, the second 
maximum in figure 7 is somewhat higher than in the original work. 

The method employed by Kobayashi et al in order to calculate the parasitic errors 6Y 
and y was to perform a linear fit of B/sinA against cot(A/2) in the normal phase (figure 4 
in [ZO]). Nevertheless, when this procedure was canied out with the data represented in 
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Figure 7. B 35 a function o f ~ A  obtained from the data depicted in figures 5 and 6 (solid circles) 
2nd the parasitic contribution to B ,  26Y cos2(A/2) + ysinA (open circles). SY and y were 
calculated to be 1.18 x and 1.46 x respectively. 

figure 7, we found that the small A range in the normal phase prevented us from obtaining 
a reliable B/sin A against cot(A/2) straight line in this temperature region, similarly to 
what happened with our measurements. This result contrasts strongly with the behaviour 
represented in figure 4 of where the points are clearly aligned. Alternatively, B /  sin A 
against cot(A/Z) is represented in figure 8 for the whole temperature range under study. The 
open circles, which appear compressed in figure 8, are those corresponding to the normal 
phase. It is obvious that no conclusion concerning 6Y and y can be obtained by considering 
only the set of open circles. Nevertheless, as can be seen, the set of data in figure 8 can 
be fitted well to a linear function if the whole temperature range is considered. According 
to expression (3), this implies a constant value for k in the iNC and ferroelectric phases. 
Furthermore, taking into account that the normd-INC phase transition is continuous, it is 
expected that k cannot change steeply at the normal-INC phase transition and, therefore, the 
linear behaviour observed in figure S suggests a small k value in the INC and ferroelectric 
phases. From the linear fit of the points represented in figure 8 6Y and y were determined 
to be SY = 1.18 x IO-; and y = 1.46 x lo-;. This 6Y value is in  good agreement with that 
obtained by Kobayashi et al (6Y = 1.2 x IO-;) although y is different ( y  = -2.0 x lo-’)). 

Open circles in figure 7 represent the parasitic contribution to B ,  that is, 
26Ycos2(A/2) + y sin A. The small difference between this curve and B (solid circles) 
clearly indicates that, in accordance with figure 8, the resulting B can be almost exclusively 
attributed to the parasitic errors 6Y and y and, therefore, k turns out to be practically 
negligible. The 2k value obtained from the difference between the two curves in figure 7 
is represented in figure 9. It  is evident that, considering the scattering of the resulting 
values, no conclusion can be drawn about a non-null value for k in the whole temperature 
range. Figure 9 must be compared wi l l  figure 5 of [ZO], where the result for 2k obtained 
by Kobayashi et al is depicted. It can be observed that besides the scattering of the data 
represented in figure 9, the resulting 2k values obtained by Kobayashi et al are about five 
times larger. 

The origin of the discrepancy in the results of Zk, calculated from the same set of 
experimental data, is not obvious at all. In spite of the differences in the data processing 
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indicated above, the only remarkable disagreement between the parasites, calculated here 
and those reported by Kobayashi er al is the value obtained for y ,  which turned out to be 
different in absolute value and sign. Nevertheless, this parameter only plays the role of an 
additive constant and, therefore, it does not affect the temperature dependence of 2, which, 
however, does critically depend on SY. Consequently, it seems that an error, impossible to 
establish with the available information took place during the data manipulation in [ZO]. 

The conclusions deduced from the present study for RbzZnCl4, as well as other 
experimental results concerning OA in centrosymmetric INC phases [4,13], clearly reinforce 
the classical view that the symmetry restrictions for OA are given by the point -pup of the 
structure. On the other hand, taking into account the discrepancies pointed out here, we 
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consider it essential to perform an exhaustive and detailed revision of the methodology and 
criteria employed in the HAUP technique. This point is crucial since, as is well known, small 
errors in the removal of parasitic contributions and data processing can eventually result in 
completely different conclusions. 

In this respect, it is also interesting to point out that although several theoretical 
approaches have appeared in the literature [5-81 permitting the existence of gyration in 
centrosymmetric INC systems, it is questionable whether they can explain any observable 
effect in practice. We have discussed these theories in previous works [4,13] and will not 
repeat our criticisms here. 

Recently, however, it has been argued that local spatial distortions of the modulation 
due to point defects may give rise to OA (and indicatrix rotation) in structures where 
these properties are forbidden by symmetry [32]. In fact the optical properties of 
[N(CH3)&ZnC14 have been shown to be somewhat sensitive to defect concentration [17]. 
Likewise, some predictions of the theory, such as the appearance of anomalies in the OA at 
points where A = 2nm with an integer m, have been observed in multidomain ferroelectric 
phases [33,34]. In fact, within the framework of this model, an INC centrosymmetric 
structure is approximated by a succession of enantiomoIphous domains, in which the long- 
range order is broken by point defects. Nevertheless, while the approach seems reasonable to 
describe multidomain phases, it is not straightforward to suppose that it is also valid for INC 
phases, especially in the sinusoidal regime. On the other hand, the divergences at A = 2zm 
can also have an experimental origin rather than being produced by intrinsic properties of 
the sample. In fact, it is at these points where the optical equipment imperfections produce 
the largest systematic errors, whose A dependence is completely similar to that predicted 
by the theory. In this context, it is our experience that the 6Y error can change its value by 
about between successive phases with different domain structures [35]. This can be 
explained in terms of the domain wall contribution to the 6Y value [;?a]. In any case, the 
model ptdicts very small OA in INC materials with an inversion centre. Numerical estimates 
yield 2k values of the order of and lop4 for RbZnBr4 and RbzZnClr respectively 
[32], which are outside or at the limit of the capability of the present experiments. Probably, 
this theory could account for the o A  detected in other materials, such as pJ(CH3)&ZnCb 
along the [I011 direction (G - [14], although other alternativeexplanations can also 
be suggested to justify such a small effect [13]. In no case, however, can the model explain 
a non-zero gSs value in this material as reported in 1151-[17], since, although each domain 
is acentric, it lacks OA along [Ool]. 

6. Concluding remarks 

The measurements presented in this paper indicate the absence of any measurable OA (813) in 
the whole range of the INC phase of RbzZnC14. A conservative upper bound for the 8x3 value 
could be 5 x In the ferroelectric phase, the same upper limit can be given. On the other 
hand, a theoretical estimate for the OA in the ferroelectric phase indicates that the 2k value 
is smaller than the accuracy that can be presently achieved with a HAUP polarimeter. The 
apparent discrepancies with previous measurements [ZO] have been exhaustively analysed. 
A re-examination of these data has led us to conclude that, within the experimental error, 
they are in agreement with our measurements. These results together with previous studies 
carried out in Rb$nBr4. [N(CH3)4]CuCl+ and [N(CH&]ZnClr [4,13] support the view 
that the symmetry restrictions for tensors describing macroscopic propeaies are similar 
both for commensurate and INC materials. Possible release from this rule when considering 
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defects in the actual structures [17,32] has also been discussed. Although in this respect 
the problem seems to be still open, it is concluded that the modulation distortions can only 
bring about very small cffects, which should be unobservable in most cases. 
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