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In¯ uence of the thickness of a NixOy support on the re¯ ected

wavelength from cholesteric liquid crystals

by M. KOUI*, H. S. KARAYANNIS and M. KARTSONAKIS

Chemical Engineering Department, Materials Science and Engineering Section,
National Technical University of Athens, Zografou Campus,
9 Iroon Polytechniou Str., Zografou 15773, Athens, Greece

(Received 29 September 1996; accepted 19 December 1996 )

In previous work [1 ± 4] we found, for the ® rst time, that the selectively re¯ ected light band
from cholesteric liquid crystals depends on the physical sorption properties of their supports,
and we now use them to di� erentiate nickel electrodeposits with di� erent grained texture and
NixOy with various thicknesses. The di� erent nickel oxide thicknesses were prepared by
dipping the nickel electrodeposit samples into H2O2 solution for di� erent time intervals. The
selectively re¯ ected light measurements from using the above samples were compared to each
other, as well as to those from samples not dipped in H2O2 solution. All the experimental
results were correlated with the properties of the deposits, as well as with the results derived
from SEM. It is concluded that cholesteric liquid crystals can provide an e� cient technique
to identify surfaces with di� erent grained texture and thickness of formed oxide.

1. Introduction in situ, marble from gypsum and CaCO3 from inversion
of gypsum. The validity of a linear relationship was alsoIt is known that the light band re¯ ected by a
shown between the adsorption properties of the supportCholesteric Liquid Crystal (ChLC) is usually shifted to
and the shift of the selectively re¯ ected wavelength fromlonger wavelengths as the temperature decreases [5± 7]
the ChLC spread on the surface [3].or the applied pressure increases [8 ± 11]. Also, electric

In the present work, measurements of the selectivelyor magnetic ® elds [5± 7, 12, 13] and small quantities of
re¯ ected light band (visible di� use re¯ ectance spectro-impurities [14] change their colour. This colour change
scopy) were carried out by using the same cholestericis due to the in¯ uence of the above mentioned para-
mixture as in our previous work [1± 4, 15].meters upon the pitch [5± 14]. The sensitivity of the

The cholesteric mixture was spread on the surface ofcolour change is extremely strong in the neighbourhood
nickel electrodeposits which had been dipped in H2O2of the cholesteric to smectic phase transition [6 ± 12].
solution for di� erent time intervals (di� erent thicknesses ofIn our previous work [1± 4, 15] it was found that the
formed oxide) and on the surface of nickel electrode-re¯ ected light band of ChLCs also depends on the
posits which had not been dipped into the H2O2 solution.physical sorption properties of the surfaces of their

The di� erent surfaces so formed show di� erent proper-supports. Therefore, if solid sorbents with high physical
ties [16± 18] (chemical reactivity, hardness, re¯ ectance,adsorption abilities were used as supports for a ChLC,
and sorption abilities due to the texture axis, the grainthe selectively re¯ ected light from the ChLC was a� ected
size and the various thicknesses of the formed oxide).[1 ± 4, 15] since the sorbents act on the sorbates with
The aim of the present work was to identify surfacesstrong mechanical and/or electrical forces, due to the
with di� erent grained textures and thicknesses of theapplied pressure [8 ± 11] or to an electric [5± 7, 12, 13]
formed oxide by means of liquid crystals. It should be® eld, respectively, imposed by the sorbents. This explana-
noted that large or small thickness of oxide formedtion was further studied, and based upon it we di� eren-
under such conditions are important because they maytiated c1-Al2O3 from c2-Al2O3 electrolytically prepared
be used as catalysts, as well as components of ceramics[1 ± 3], c1-Al2O3 prepared with di� erent current densities
and composite materials.

[1 ± 3], chemically and electrolytically prepared ZnO
and Fe3O4 [1 ± 3], copper mechanically cleaned and 2. Experimental
electroplated [1± 3], and nickel electrodeposited with 2.1. Materials, shape, dimensions and preparation of the
di� erent orientations [15]. We also di� erentiated [4], samples

The nickel electrodeposits were prepared [18] in a
simple constant temperature bath of 1 2́2M NiCl2 6́H2O*Author for correspondence.

0267 ± 8292/97 $12 0́0 Ñ 1997 Taylor & Francis Ltd.
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568 M. Koui et al.

solution at 50 ß C under galvanostatic conditions. An
anode cylinder (B 2 7́ cm, height 22 cm) of pure nickel
and a cathode consisting of a stable bronze disc (B
2 8́ cm and 0 3́5 cm thickness) were used.

The bath was agitated by a mechanical stirrer
(1200 rpm). The cathode was ® rst treated with a 10%
(w/v) nitric acid solution and then was mechanically
treated with emergy paper 180 and 800 in order to avoid
epitaxial phenomena [19], i.e. so that the substrate did
not impose its crystal structure on that of the deposit.

The disc was ® tted to the bronze cathodic electrode
covered by te¯ on, in such a way that the dipped surface
of the bronze disc had a 2 4́ cm B. The experimental set
up for the electrolysis is shown in ® gure 1.

The duration of electrolysis was calculated according
to the current density and e� ciency in order to achieve
about a 50 mm thickness of nickel electrodeposits. The
electrolysis was carried out at pH=3, which is the
optimum pH value for nickel electrodeposition [16± 20] Figure 2. Regions of texture axes of the growth of Ni elec-
and di� erent samples were prepared using the following trodeposits as a function of the current density and pH.
current densities: 15, 10, 5 and 2 A dmÕ 2 .

environment and some of them were dipped in H2O22.2. Experiments and experimental procedures
solution (35% w/v) for intervals of 1, 3 and 6 days.The texture axis on all samples was identi® ed by

The examination of the sample surfaces was madeX-ray di� raction (XRD) analysis as shown in ® gure 2.
using scanning electron microscopy (SEM) (JeolThe points marked 1± 4 on the ® gure refer to the
Superprobe JXA-733). In ® gures 3 ± 14, SEM photomic-conditions of preparation of the nickel electrodeposited
rographs are presented for all the samples, dipped andsamples in the present work. The structure diagram of
not dipped.the electrodeposited samples is taken from our previous

On the surface of all the samples 0 8́ ml of the choles-work [18].
teric mixture (1 : 4 ratio by wt. of cholesteryl-4carbo-Some of the nickel electrodeposits were kept in a dry
methoxyoxybenzoate and cholesteryl oleyl carbonate
dissolved (10% w/v) in diethyl ether) was spread from a
syringe, in order to ensure the same thickness (50± 60 mm)
of the mixture after evaporation of the diethyl ether.

The complete evaporation of the diethyl ether was
assured by heating the samples (placed horizontally on

Figure 1. Schematic representation of the Ni electrodeposi-
tion set-up. EC: Electrolytic cell; P: plexiglass cover; T:

Figure 3. Non-dipped samples of the series 1, SEI Ö 300. Finethermometer; S: glass mechanical stirrer; A: anode Ni; C:
cathode. grained material (Ni electrodeposit).
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569NixOy support and cholesteric properties

Figure 4. Non-dipped samples of the series 2, SEI Ö 250.
Figure 6. Non-dipped samples of the series 4, SEI Ö 250.Semi-® ne grained material (Ni electrodeposit).

Coarse grained material (Ni electrodeposit).

Figure 5. Non-dipped samples of the series 3, SEI Ö 250. Figure 7. Section of a sample of the series 1, dipped for 3
Semi-coarse grained material (Ni electrodeposit). days, BEI Compo Ö 400.

constant temperatures with an accuracy of Ô 0 1́ß C. Thea thermostated plate) above the isotropic (35 ß C) trans-
ition point. Then the sample was allowed to cool and accuracy of the wavelength measurements was Ô 0 5́ nm.

Measurements were taken on six samples of each seriesmanipulated mechanically in order to acquire the
Grandjean microstructure. at each temperature, and the mean value (l ) was calcu-

lated in nm. The derived results are shown in tables 1,From all the types of samples, visible di� use re¯ ectance
spectra [3] at the temperatures 25, 26, 27 and 28 ß C 2, 3 and 4 and in ® gures 15± 18.
were taken after covering the surface with the cholesteric
mixture. For the measurements, a Perkin-Elmer double 3. Results and discussion

Results derived from spectral measurements (table 1,beam spectrophotometer (mod. Lamda 3 UV/VIS) for
visible light with an integrating sphere attachment ® gure 15) reveal di� erent shifts of the re¯ ected light

band from the cholesteric mixture between the samples(Perkin Elmer Type R 453) was used. Each sample with
the cholesteric mixture, treated as mentioned above, was not dipped in H2O2 solution. Comparing the results

between the rows of table 1, from series 1 to 4, it isplaced on a special thermostated block-heater and intro-
duced into the apparatus (in the compartment designed observed that as the current density decreases the shift

of the selectively re¯ ected wavelength increases.for back re¯ ection measurements) lying normal to the
light beam. Spectra were taken at the above mentioned Furthermore, as shown in ® gures 3 ± 6, relating to
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570 M. Koui et al.

Figure 8. Section of a sample of the series 2, dipped for 3 Figure 10. Section of a sample of the series 4, dipped for 3
days, BEI Compo Ö 400. days, BEI Compo Ö 400.

Figure 9. Section of a sample of the series 3, dipped for 3 Figure 11. Section of a sample of the series 1, dipped for 6
days, BEI Compo Ö 400.days, BEI Compo Ö 400.

SEM analysis of the surfaces of these samples, the dendritic structure is observed ( ® gure 5). In ® gure 6,
relating to the lowest current density (samples of seriestextures of the deposits range from quasi-porous to those

of a compact material of pyramidic structure. As current 4), the material consists of coarse spheroidised/pyramidic
grains. Densely packed grains produce big agglomeratesdensity increases, the crystallites become ® ner and the

material appears more compact [18]. Figure 3, relating with a linear arrangement forming columns. The black
areas or c̀raters’ observed on the surface of pyramidsto the samples of series 1 prepared with the highest

current density, presents a ® ne pyramidic development are holes formed by small hydrogen bubbles absorbed
during the formation of Ni-deposits. In the lower regionof the crystallites with some tendency to become spher-

oidised. This may be attributed to a high relative rate of ® gure 6 the boundaries between two neighbouring
coarse pyramids are shown.of H2 evolution under the Ni-deposit preparation condi-

tions [18]. At lower current density (samples of series The observations derived from SEM analysis com-
bined with the spectral measurements (table 1, ® gure 15)2), the grains observed are larger, better organized and

the pyramidic structure starts to be more concrete suggest that the di� erent shifts of the re¯ ected light band
from the cholesteric mixture can be attributed to the( ® gure 4). As the current density is reduced (samples of

series 3), the crystallites presented are substantially size and the shape of the crystallites of the Ni-deposits.
Therefore, as the current density increases, the materialbigger, the agglomerates are better formed and a clear
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571NixOy support and cholesteric properties

Figure 14. Section of a sample of the series 4, dipped for 6
Figure 12. Section of a sample of the series 2, dipped for 6 days, BEI Compo Ö 400.

days, BEI Compo Ö 400.

Table 1. Non-dipped samples; mean l/nm.

Temperature/ ß C

Sample series Current density/Adm Õ 2 25 26 27 28

1 [211] 15 520 458 430 416
2 [211] 10 528 465 435 420
3 [211] 5 534 470 442 424
4 [211] 2 545 478 447 432

corresponding to the thickness of the formed nickel
oxide. In all cases the appearance of the oxide was dark
grey, while the nickel electrodeposit always had a colour
ranging from light grey up to grey.

Thus, all the results reveal the high sensitivity of this
method, particularly in the cases mentioned above relat-

Figure 13. Section of a sample of the series 3, dipped for 6 ing to the texture axis and the oxide thickness which
days, BEI Compo Ö 400. impose di� erent properties such as re¯ ectance, hardness,

rate of reaction, catalytic properties [16± 18, 21] and
sorption abilities.becomes ® ner and more compact and the shift of the

selectively re¯ ected wavelength decreases. The samples of series 1, prepared at c.d.=15 A dmÕ 2

give the maximum thickness when dipped in the H2O2For the series of samples dipped in H2O2 solution
(tables 2, 3, 4 ) such a comparison is not possible, because solution for 1 day. For 3 and 6 days’ dipping, the

thickness of the oxide is reduced, because of oxideeach series has a di� erent behaviour in the H2O2 solu-
tion, even for the same period of exposure. Furthermore, dissolution in the H2O2 solution ( ® gures 7 and 11).

These observations are supported by the fact that thethe growth of oxide formed is di� erent for each series of
samples due to their microstructural di� erences. electrolysis conditions (pH, c.d., etc.) lead to a deposit

with a texture axis [2 1 1] sensitive to oxidation. ThatFrom tables 2, 3 and 4, the respective ® gures 16± 18
and the SEM photomicrographs ( ® gures 7± 14), it is why the selectively re¯ ected wavelength is considerably

longer for the samples dipped in H2O2 solution for 1is observed that di� erent thicknesses of the nickel
oxide lead to di� erent shifts of the selectively re¯ ected day than for those dipped for 3 and 6 days ( tables 2, 3,

4 and ® gures 16, 17, 18).wavelength band of the cholesteric mixture.
In all the ® gures 7± 14, the darker zone appearing The samples of the series 2, prepared at a c.d.=

10 A dmÕ 2 , formed the thickest oxide. The thickness ofbetween the black and the light parts of the photomicro-
graphs is the cross-section of the nickel oxide zone, the oxide increases as dipping time increases, so the
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Figure 15. Shift of the selectively
re¯ ected wavelength l (nm) vs.
temperature for all non-dipped
samples of series 1± 4.
( 1) 15 A dm Õ 2 , (2 ) 10 A dm Õ 2 ,
( 3) 5 A dm Õ 2 , (4 ) 2 A dm Õ 2 .

Table 2. Dipped samples for 1 day; mean l/nm. samples series 2 is observed for samples of series 3
prepared at a c.d.=5 A dmÕ 2 . Again, the thickest oxide

Temperature/ ß C
layer is attained on the sixth day, but without achieving
the same thickness ( ® gures 12 and 13). This is revealedSample series Current density/Adm Õ 2 25 26 27 28
by the fact that the selectively re¯ ected wavelength on

1 [211] 15 573 507 470 455 the sixth day is clearly shorter than that of the sample
2 [211] 10 554 486 456 438

of series 2 (tables 2, 3, 4 and ® gures 16, 17, 18).3 [211] 5 550 483 452 435
Samples of both series 2 and 3 have the same second-4 [211] 2 560 495 463 443

ary structure [2 1 1]. The observed di� erences of their
oxidation behaviour (i.e. di� erent thicknesses of the

Table 3. Dipped samples for 3 days; mean l/nm.
formed oxide) are due to the di� erent perfection of the
texture axis. The texture axis of series 2 is more perfectTemperature/ ß C
than that of series 3, because [2 1 1] is a texture axis

Sample series Current density/Adm Õ 2 25 26 27 28 which has been prepared under such conditions [22]
that inhibition of crystallization is weaker. Therefore,1 [211] 15 558 492 460 440
the crystallites of the deposits of series 2 are better2 [211] 10 570 500 468 450
organized than those of the series 3.3 [211] 5 567 498 465 446

4 [211] 2 590 517 482 460 Thus, it is suggested that the cholesteric liquid crystals
method can be an e� cient technique to distinguish
di� erent thicknesses of the formed oxide layers.Table 4. Dipped samples for 6 days; mean l/nm.

The samples of the series 4, prepared at a c.d.=
Temperature/ ß C 2 A dmÕ 2 , reach a maximum oxide layer thickness after

3 days’ dipping ( ® gure 10). This sample series presents
Sample series Current density/Adm Õ 2 25 26 27 28

a smaller thickness of the oxide layer formed compared
with series 2 and 3 ( ® gures 8± 10, 12± 14). This behaviour1 [211] 15 549 480 449 430

2 [211] 10 615 540 498 470 is attributed to the microstructure of the formed elec-
3 [211] 5 596 523 486 462 trodeposits, which have been prepared at the transition
4 [211] 2 553 486 455 436

point of the texture axis [1 1 0]A � [2 1 1] as shown in
® gure 2. Thus, a part of the microstructure consists of
the microstructural characteristics of texture axismaximum thickness is reached on the sixth day (tables
[1 1 0]A that is a ® ne spongy material [18]. The lower2, 3, 4 and ® gures 8, 12, 16, 17, 18).

A similar behaviour to that of the above series of value of the selectively re¯ ected wavelength for six days’
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573NixOy support and cholesteric properties

Figure 16. Shift of the selectively
re¯ ected wavelength l (nm) vs.
temperature for all dipped
samples of series 1± 4 for
one day. (1 ) 15 A dm Õ 2 ,
( 2) 10 A dm Õ 2 , ( 3) 5 A dm Õ 2 ,
( 4) 2 A dm Õ 2 .

Figure 17. Shift of the selectively
re¯ ected wavelength l (nm) vs.
temperature for all dipped
samples of series 1± 4 for 3 days.
(1) 15 A dm Õ 2 , ( 2) 10 A dm Õ 2 ,
( 3) 5 A dm Õ 2 , (4 ) 2 A dm Õ 2 .

dipping is due to the dissolution of the formed oxide in to distinguish crystallites of di� erent size ( ® ne grained,
medium grained, coarse grained samples). It must bethe H2O2 solution (tables 2, 3, 4 and ® gures 16, 17, 18).

Comparing the samples not dipped in H2O2 ( ® gures noted that the usual method using physical sorption of
methylene blue is not sensitive enough to maintain such3± 6 ), it is observed that the surface of each sample is

di� erent because of the di� erent size of the crystal grains a di� erentiation, and even in cases that measurements
are feasible the extremely small quantities of methylene[18] (crystallites). From table 1 and ® gure 15 it is

revealed that an increase of crystallite size leads to blue absorbed result in poor accuracy.
longer wavelengths of the selectively re¯ ected light from
the cholesteric mixture. 4. Conclusions

The results derived from the present research lead toThus, the extreme sensitivity of this method is revealed,
and therefore it is suggested as an appropriate technique the following conclusions:
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574 NixOy support and cholesteric properties

Figure 18. Shift of the selectively
re¯ ected wavelength l (nm) vs.
temperature for all dipped
samples of series 1± 4 for 6 days.
(1) 15 A dm Õ 2 , ( 2) 10 A dm Õ 2 ,
( 3) 5 A dm Õ 2 , (4 ) 2 A dm Õ 2 .
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