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ABSTRACT: 

In this paper, non-aqueous Fe(OH)3/palygorskite dispersion was prepared and its liquid crystal phase behavior was investigated. Positively charged Fe (OH)3 colloids were put in to non-aqueous and organically modified palygorskite dispersion. The effects of organically treated palygorskite and Fe(OH)3 on the preparation of stable palygorskite dispersion were characterized with FT-IR, XRD, Contact Angle measurement, Zeta potential detection, Settlement measurement and SEM, respectively. The addition of Fe(OH)3 particles shifted the concentrations of the coexisting isotropic and nematic phases to higher values while at the same time markedly accelerating the phase separation. The influence of Fe(OH)3 particles on the suspension in magnetic field was also discussed.
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1. Introduction
With a boom of nano science and technology, the research of inorganic liquid crystals has recently received great attention Kimmich and Fatkullin, 2017


( ADDIN EN.CITE ; Shivanandareddy et al., 2018; Zabihi et al., 2017)
. These materials enable people to get access to their new physical properties, such as magnetism and electrical properties, which are fairly difficult to obtain in organic liquid crystal systems. Meanwhile, the emphasis on green chemistry is urging researchers to shift their research interest to natural resources Kim et al., 2011


( ADDIN EN.CITE ; Lee et al., 2013; Liu et al., 2018)
. Several investigations have been undertaken for liquid crystal of clay García et al., 2011


( ADDIN EN.CITE ; Onsager, 1944; Shikinaka and Shigehara, 2015)
.

It is well-known that clay is a type of natural nano-material which mainly contains aluminum silicate minerals. The study of clay liquid crystals started in 1938, when Langmuir found that aqueous suspension system of montmorillonite could form liquid crystalline phase Langmuir, 1938()
. Later, it was shown that liquid crystalline phase was formed when the concentration of aqueous beidellite dispersion was in the range of 0.4 wt% to 0.5 wt%. Meanwhile, Michot et al. found the formation of the liquid crystalline phase of nontronite when the concentration of aqueous dispersion was in the range of 0.61 to 0.72 wt% Michot et al., 2006()
. 

Clay liquid crystals have outstanding properties, but clay dispersed in water will form gels at very low concentrations Paineau et al., 2009


( ADDIN EN.CITE ; Paineau et al., 2012; Zhang and van Duijneveldt, 2006)
. It has been found that if the clay particles are treated by surfactant adsorption, they can be uniformly dispersed in organic solvents such as toluene. As a result, the dispersion concentration of an isotropic-nematic phase transition is effectively increased. For instance, Mourad et al. showed that, when the hydrotalcite colloidal was mixed with stabilizer (SAP230) and dispersed in toluene, the non-aqueous liquid crystal material showed good stability, and crystal phase transition concentration was significantly elevated Mourad et al., 2010()
. Zhang et al. reported that a mixture of ammonium surfactants was adsorbed onto the surface of sepiolite clay by ion exchange and the organic clay was stabilized in toluene with a combination of surfactant and polymer treatment Zhang and van Duijneveldt, 2006()
. The non-aqueous dispersion showed nematic ordering in the range of concentrations from 6 wt% to 16 wt%. In addition, Yasarawan et al. also prepared an indigo-sepiolite hybrid and dispersed it in toluene. With the concentration of dispersion in the range from 8 wt% to 25 wt%, the liquid crystalline phase could be formed Yasarawan and van Duijneveldt, 2008()
. The colloidal nematic phase formed by dye-doped particles was found to be dichroic, with values for the order parameter around 0.4-0.5 for magnetically aligned samples.

The addition of colloid particles to the clay dispersion offers the system good dispersibility and stability Chakraborty et al., 2017()
. Yaroshchuk et al. found that introduction of a small amount of organic modified laponite platelets in the dispersion of a carbon nanotube (CNT) could improve its dispersity in a wide range of concentrations Yaroshchuk et al., 2014()
. Consequently, the optical, electrical and magnetic properties of CNT liquid crystal materials have been greatly improved. Yasarawan’s group studied mixtures of indigo-doped sepiolite rod and silica spheres non-aqueous dispersion Yasarawan and van Duijneveldt, 2010()
. They found that, the phase change concentrations of mixtures with silica spheres were from 3 wt% up to 8 wt%. Bury et al. found that spherical magnetic particles (Fe3O4) caused the liquid crystals apparent deformation in electric and magnetic fields Bury et al., 2017()
. This multifunctional material for outfield excitation response is expected to have more and more important applications in nanotechnology Delhorme et al., 2012


( ADDIN EN.CITE ; Kleshchanok et al., 2010)
.

In our exploratory work, it was found that aqueous palygorskite dispersion could form isotropic-nematic transition. However, when dispersed in water, palygorskite will form gels at low concentrations. Inspired by the afore-mentioned reports, which indicate that when clay is dispersed in non-aqueous phase, the concentration of an isotropic-nematic phase transition will be effectively improved Wang and Zhuang, 2017()
. The investigation of the liquid crystalline phase behavior of palygorskite in non-aqueous phase has not been reported yet.
Herein, a facile approach was reported for preparation of highly stable non-aqueous palygorskite dispersion by adding Fe(OH)3 colloids to the organically modified palygorskite. It showed that introduction of a small amount of Fe(OH)3 in an organic modified palygorskite dispersion led to the improvement of the dispersibility of palygorskite in a wide range of its concentrations. Moreover, the colloid particles Fe(OH)3 could significantly influence the alignment of the liquid crystals in magnetic fields. The nematic phase of Fe(OH)3-organic-PAL non-aqueous dispersion could readily align in the magnetic field. 

2. Experimental work
2.1 Materials

Cetyltrimethylammonium bromide (CTAB, C19H42BrN) was purchased from Shanghai Zhanyun Co. Ltd. (China). KH-570(CH2=C(CH3)COOC3H6Si(OCH3)3 ) was purchased from Jinan Xing feilong Co. Ltd. (China). Fe(OH)3 was obtained from Shanghai aladdin Co. Ltd. (China). PIBISA（Polyisobutylene two imide） was purchased from Kemma biochemistry Co. Ltd (China). Isopropyl alcohol and cyclohexane were purchased from Sinopharm chemical reagent Co. Ltd (China).
Palygorskite (Pal) was obtained from Xuyi Zhongyuan Minerals Co. Ltd. (China). In order to purify raw Pal, a certain amount of clay powder was added to deionized water at high-speed setting of an IKA model T 25 laboratory blender for 10000 rpm/15 min and centrifuged for 15min at 1500 rpm. The supernatant was centrifuged at 3500 rpm for 35 min. The sediments were dispersed in isopropyl alcohol with the high-speed setting (10000 rpm/5 min) and centrifugation (3500/30 min) being repeated for 2 to 3 times. The sediment was dried at ambient pressure and temperature. The dry powder was cracked with a mortar.
2.2 Preparation of dispersion of organically modified Pal
In order to prepare modified Pal dispersion, 5.0 grams of purified Pal powders were added to 500 ml of 0.2 grams cetyltrimethyl ammonium bromide (CTAB) aqueous solution. The mixture was left stirring overnight and then centrifuged at 3500 rpm for 35 min. The supernatant with non-adsorbed CTAB was removed and replaced with fresh water to re-disperse the sediments while stirring. The CTAB treated Pal was added to 500 ml 0.03 M Fe (OH)3 solutions and the mixture was stirred for 3 h. One gram of KH570 was added to 1ml deionized water and 9 ml isopropyl alcohol, while acetic acid was used to adjust pH to 3-4. The mixture was left stirring for 3 h at 40°C. The KH-570 hydrolysate was added to the dispersion of CTAB-Fe(OH)3 treated Pal. The mixture was stirred for 4 h at 40°C and stirred over night at 25°C, and then centrifuged at 3500 rpm for 35 min. The supernatant was removed and the sediment was dispersed in isopropyl alcohol and the high-shear (10000 rpm/5 min) and centrifugation (3500/30 min) was repeated for 2 to 3 times. The sediment was dried at ambient pressure and temperature. The dry powder was crushed and added to 400 ml of cyclohexane with stirring. After that the suspension was ultrasonicated for 1 minute, and homogenized for 5 minutes under high-shear. One gram of PIBISA was dissolved in 100ml of cyclohexane. The PIBISA solution in cyclohexane was mixed with the above modified clay dispersion and they were left stirring overnight. The dispersion was kept and centrifuged at 3000 rpm for 30 minutes. Only the supernatant was kept and centrifuged again at 10000 rpm for 1h and the sediment was re-dispersed in cyclohexane.
2.3 Characterization
2.3.1. FT-IR measurement. 

FT-IR spectra of the samples were recorded by a FT-IR spectrometer (Nicolet 5700, Thermo Electron Co., USA) with KBr as background. The resolution was 4 cm-1and each spectrum was an average of 32 scans from 4000 to 400 cm-1. 

2.3.2. XRD measurement.

X-ray diffraction (XRD) patterns were obtained with a Bruker D8 Advance/Discover diffractometer, using Cu Kα radiation. All the measurements were taken with a generator voltage of 40 kV and a current of 40 mA. The scanning speed was 2°/min. 

2.3.3. Measurement of Zeta Potential. 

Zeta potential was measured on a Malvern Zetasizer Nano system with irradiation at 633 nm laser (NanoZS90, England) at 25°C, using a folded capillary cell. Before measurements, the fully dispersed samples in distilled water formed 0.1 wt% dispersion under high-speed stirring at 10000 rpm for 20 min. Three parallel measurements were conducted, and the mean values were reported.

2.3.4. Contact angle measurement. 

All of the contact angle measurements were done on powder, after the solvent being taken off and then naturally drying. Then the clay powder was pressed by tablet machine to form a disk. The contact angle measurement on three clay disks were conducted with a syringe system (JC2000C1, China) with each droplet of 0.5 ml.
2.3.5. Scanning electron microscope. 

Sample morphologies were investigated by a scanning electron microscope (SEM, Quanta250FEG, FEI, USA), with a 15 KV acceleration voltage. A glass sheet was soaked in a suspension in cyclohexane for 3-5 seconds and the solvent was allowed to evaporate and samples to be measured after spraying gold. 

2.3.6. Macroscopic observation of isotropic-nematic phase transition. 

Dispersion was filled by capillary action into rectangular capillaries with dimensions 3.5 mm ×12.5 mm ×4.5 mm. Parafilm was employed to seal both ends of the capillaries after filling. The capillaries were left standing for investigation of their phase behavior. The samples were observed between crossed polarizers.

2.3.7. Microscopic observation of phase transition. 

The phase transition process in concentrated dispersion of Pal rods was followed by using a polarizing microscope (DM2500P，Germany) equipped with polarizing filters and color video camera linked to a computer.

2.3.8. Particle alignment experiments. 

Pal dispersion was filled into rectangular capillaries and placed in a magnetic field oriented along the capillaries for 24 h, and the samples were also imaged using a polarizing microscope.

3.Results and Discussion
3.1 Characterizations of clay dispersion 
The preparation process of Fe(OH)3-organic-PAL non-aqueous dispersion is shown in Fig.1. The surface of Pal was treated with CTAB-KH570 and named as organic-Pal. Colloids Fe(OH)3 particles was added to the organic-Pal aqueous dispersion. Then the Fe(OH)3-organic-Pal system converted into non-aqueous phase and it formed a highly dispersed system. FT-IR analyses were conducted to characterize the surface treatment of Pal.
The spectrum of raw Pal is shown in Fig.S.1(a). The broad absorption bands around 3551 cm−1 show M2-OH (M=Al, Fe) stretching and symmetric modes, and they were usually accompanied by peaks around 1656cm−1 which is H-O-H bending mode in coordinated and adsorbed water Jia et al., 2015a


( ADDIN EN.CITE ; Jia et al., 2015b)
. The intensity of the Si-O skeleton vibrations at 1093 cm−1 and 476 cm-1, and the asymmetric stretching and symmetric vibration band of Si-O-Si at 1197cm−1 are characteristic of Pal Wei et al., 2014()
. With surface treatment of the CTAB-KH570, there were new peaks at 2930 cm−1, 2870 cm-1 and 1716 cm-1.The asymmetric stretching and symmetric vibration band of -CH3 at 2870 cm-1, and the asymmetric stretching and symmetric vibration bands of -CH2- at 2930 cm-1 Liu et al., 2005


( ADDIN EN.CITE ; Xi et al., 2007; Zhang et al., 2015)
, were characteristic of CTAB. Moreover, there was another band at 1716 cm-1, showing the stretching vibration of - CO- groups of KH570 Ming et al., 2008


( ADDIN EN.CITE ; Yuanchun et al., 2014)
.
The effect of Fe(OH)3 on clay structure can be validated by XRD shown in Fig.S.2. Typical diffraction peaks of Pal at 8.5° (1.051 nm), 19.7° (0.448 nm) and 27.6° (0.32 nm) were evident according to S.2a. Jixiang and Aiqin, 2012(; Meng et al., 2006)
. The XRD patterns indicated that since the major peaks of Pal remained, the Pal treated with Fe(OH)3 maintained its structure, but the intensity of the characteristic peak decreased substantially in intensity under the experimental conditions established. It is presumed that due to the electrostatic adsorption, the Fe (OH)3 colloidal particles covered the Pal surface, resulting in the weakening of the Pal characteristic peak strength.

The zeta potentials of aqueous Pal, organic-Pal (i.e., CTAB-KH570 treated Pal) and Fe(OH)3-organic-Pal are shown in Fig.2. The aqueous Pal showed a zeta potential of −13.1 mv. The organic-Pal showed a zeta potential of −14.6 mv. The electronegativity of the organic-Pal suspension was higher than that of the aqueous Pal. The Zeta potential absolute value of the dispersion was sharply increased to +32.6 mv, when the positively charged colloidal particles of Fe(OH)3 were added to the Pal dispersion (Fig. 2c). Compared to the Pal and organic-Pal, Fe (OH)3-organic-Pal had the highest absolute value of the surface potential. Therefore, for the Fe(OH)3-organic-Palygorskite dispersion, the electrostatic repulsion among Pal rods was increased significantly. Fe(OH)3 particles added to the organic-Pal dispersion can offer the system good dispersibility.
After organic treatment, the contact angle was significantly increased from 0° up to 85° with organic treatment (Fig. 3b). This occurs because organic treatment effectively enhances hydrophobic properties of Pal surface. Cationic surfactants are usually used to modify the organic Pal, due to the fact that the surface of Pal is negatively charged. However, the contact angle of the CTAB-Pal only increased to 35°. This was because when only CTAB is used for organic modification, the modification effect sometimes may not be ideal. Since the surface of palygorskite is rich in Si-OH polar group, KH570 could be successfully grafted onto the surface of Pal by condensation reaction. Therefore, cationic surfactants (CTAB) and coupling agents (KH570) were both used to modify palygorskite. The contact angle was significantly increased from 35°up to 85°after being modified with CTAB-KH570. Compared with the organic-Pal, the Fe(OH)3-organic-Pal has a larger contact angle up to 118° (Fig. 3c). The observation of the microscale morphology of Fe(OH)3 particles, the average length of particles in the sample is 200 nm and the diameter are about 70 nm (Fig. 4). It might be due to the fact that Fe(OH)3 added to the organic-Pal increased the roughness of the particle surface. 
3.2 Stability measurement

The sedimentation behaviors of obtained raw Pal, organic-Pal and Fe(OH)3-organic-Pal in cyclohexane is shown in Fig. 5. The stability of the raw Pal in cyclohexane was poor dispersion. The settlement volume of the raw Pal dispersion was 2.5 ml after four weeks (Fig. 5a). The organic-Pal non-aqueous dispersion did not show significant subsidence after resting for four weeks (Fig. 5b). But a small amount of flocculation was found at the bottom. The Fe(OH)3-organic-Pal non-aqueous dispersion did not show significant precipitation after standing for four weeks (Fig. 5c), and there was no flocculation at the bottom. Thus, a small amount of Fe(OH)3 in an organically modified Pal dispersion could improve the stability of the suspension.
The change of morphology in the Pal in cyclohexane with different modification treatments was evaluated through SEM (Fig. 6). Raw Pal dispersed in cyclohexane formed an extreme compact aggregate under SEM. (Fig. 6a). Hydrophilic Pal is not suitable for dispersing in low polar cyclohexane solvents. Surface modification can effectively improve the dispersibility of clay in non-polar solution. The dispersibility of the organic-Pal non-aqueous dispersion was significantly improved compared with the raw Pal (Fig. 6b), which might be due to the fact that the organic long chains covered the surface of Pal. The steric hindrance effect of long chains increased the distance between rods, thus effectively improved the dispersibility of Pal in cyclohexane. The particles of Fe(OH)3-organic-Pal were thinner than those of the sample (b), perhaps due to the fact that the positively charged Fe(OH)3 colloidal particles increased the electrostatic repulsion of the system, which made the clay rods effectively dissociated.

3.3 Phase separation experiments

Liquid crystalline phase behaviors of non-aqueous Pal dispersion were analyzed with orthogonal polarizer, polarization microscopy and SEM, respectively. At low volume fractions (<1 wt%), the dispersion was translucent and showed vivid birefringence when the sample tube was shaken. Upon increasing the volume fraction above 1 wt%, the suspension became very turbid immediately after homogenization. After being left standing for about 24 hours, the turbid dispersion separated into a dense phase on the bottom of the tube and an upper translucent phase. According to the pictures of macro-polarization experiment and the micro-polarization of the phase behavior of Organic-Pal dispersions left for 30 min (Fig. 7a, 7c), there was no obvious birefringence in both macroscopic and microscopic observations. This might indicate that the newly prepared dispersions exhibited isotropic phase. And the system remained stationary for 15 days, it spontaneously formed a typical nematic phase structure of liquid crystal. The textures of organized solids were observed with SEM. The newly prepared dispersion system shows disorder (Fig. 7d), and the nematic dispersion shows ordered alignment of rod particles along their planar axes, with deflected orientation as marked by arrows (Fig. 7f).[image: image21.jpg]100pm





A series of Pal dispersion of volume fraction in the range of 1% to 15% was held in the cuvette and observed between crossed polarizers with the naked eye. All freshly prepared samples showed strong flow-birefringence that persisted longer for samples of higher concentrations. After a week, the organic-Pal non-aqueous dispersion (without Fe(OH)3) whose mass fraction was in the range from 1% to 10% showed clear phase separation between an isotropic phase and a nematic (Fig. 8a, b). After 30 days, the sample at 15% mass fraction also became biphasic, but might not be fully equilibrated. Samples of higher Pal mass fraction showed strong birefringence colors without sign of phase separation even after 30 days (Fig. 8c). This might be due to the fact that the dispersion of mass fraction up to 15% has formed a gel phase, but it could still be found that the fraction of the nematic phase.
The liquid phase transition of the organic-Pal non-aqueous system no longer occurred at 15% concentration, but adding Fe(OH)3 colloidal particles could realize it successfully (Fig. 8d-f). Isotropic-nematic phase separation occurred 3 days after the preparation of Fe(OH)3-organic-Pal non-aqueous suspension with a concentration at 15%. And a month later, the sample had no more phase separation. The organic-Pal non-aqueous dispersion at 15 wt% were in the gel state, while the Fe(OH)3-organic-Pal dispersion with the same percentage showed clear phase separation between isotropic and nematic phases (Fig. S3) . This might be due to the fact that, the adsorption of the charged Fe(OH)3 colloids particles weakened the interactions between the clay particles, which were located further apart from each other. Thus, at the same concentration, the viscosity of Fe(OH)3-organic-Pal non-aqueous dispersion was lower than that of organic-Pal non-aqueous dispersion. Consequently the addition of Fe(OH)3 colloids to organic-Pal dispersion accelerated the phase separations of the dispersion at certain concentrations.
3.4 Effect of Fe(OH)3 magnetic particles on liquid crystals behavior

Study on the structure change of liquid crystal phase behavior in magnetic field is very important for the development of liquid crystal device of clay material Ricca et al., 2016


( ADDIN EN.CITE ; Saha et al., 2017; Shen et al., 2016)
. As Fig 9 shows, the phase separations were observed in the polarizing microscope after magnetic field induction. The Fe(OH)3-organic-Pal dispersion was confirmed to show phase separation between isotropic and nematic phases, with magnetic field induction for 0.5 hours (Fig. 9b). After 12 hours (Fig. 9 c), the nematic phase began to align in the direction of the magnetic field. For the sample in the magnetic field after 24 h (Fig. 9d), particles changed remarkably in the direction of the magnetic field.
The responses of the newly prepared 1 wt% dispersion of the organic-Pal and that of the Fe(OH)3-Organic-Pal were also observed in the polarizing microscope in the magnetic field, respectively (Fig. 10). The newly prepared sample Fe(OH)3-Organic-Pal was observed to show a small micro domain (Fig. 10c). After the sample stayed 24 h in the magnetic field, the particles in the sample grew up and connected one another in the direction of the magnetic field. The above phenomena showed that the particles in the induction system were induced by the magnetic field. The particles not only nucleated along with time, but also alignment in the magnetic field. The organic-Pal was also observed in polarizing microscope in the magnetic field (Fig. 10b). The alignment of the organic-Pal dispersion, though induced by the magnetic field, was weaker than that of the Fe(OH)3-organic-Pal. Therefore, the charged colloids particles were introduced into the dispersion to make the particles easier to align under the magnetic field induction, and the dispersed system particles were more responsive to the magnetic induction. 

Conclusions

Fe(OH)3 can increase the surface potential of clay particles and improve the dispersity in organically Pal non-aqueous dispersions. The addition of Fe(OH)3 colloids in Pal dispersion caused the phase separation at concentrations of 1 wt%-10 wt%. A possible explanation for this may be the adsorption of the charged Fe(OH)3 colloids particles weakened the interactions between the clay particles, which were located further apart from each other. Moreover, a magnetic birefringence experiment optimized for the study of the field-induced orientationally order in non-aqueous dispersion of Pal particles. The positive Fe(OH)3 particles added to the dispersion, the alignment order of nanoparticles submitted to a magnetic field can thus be probed directly at the microscopic scale. Such materials could find applications as linear magnetic sensor.
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Figure captions

Fig. 1. Preparation procedures of Fe(OH)3-organic-Pal non-aqueous suspensions.
Fig. 2. Zeta potentials 
[image: image1.wmf]V

 of (a) Pal, (b) organic-Pal, (c) Fe(OH)3-organic-Pal.

Fig. 3. Contact angles of (a) raw Pal, (b) organic-Pal, (c) Fe(OH)3-organic-Pal.

Fig. 4. SEM of Fe(OH)3 suspensions.
Fig. 5. The digital photographs of volume fractions of (a) raw Pal, (b)organic-Pal, (c) Fe(OH)3-organic-Pal before (a1, b1 and c1) and after four weeks (a2, b2, c2).

Fig. 6. SEM electron microscope at 30000 magnification observed the particle dispersed in cyclohexane: (a) raw Pal, (b) organic-Pal, (c) Fe(OH)3-organic-Pal.

Fig. 7. Observation of the 3wt% orgainc-Pal of I-N phase transition process. (a, b) Macroscopic observations of the phase behavior of Organic-Pal suspensions after preparation (a)30 min, (b) 15 days, (c, e) Microphase transition of suspensions after preparation (c) 30 min, (e) 15 days; (d, f) SEM images of the suspensions after prearation (d) 30 min, (f) 15 days.
Fig. 8. Macroscopic observations of the phase behavior of Organic-Pal and Fe(OH)3-organic-Pal non-aqueous suspensions by the orthogonal polarization: (a-c) organic-Pal suspensions I-N phase transition process one month after preparation with volume fractions of clay as follows (a)1%, (b)10%, (c)15%, (d-f) phase behavier of 15% the Fe(OH)3-organic-Pal non-aqueous suspensions after preparation (d)5 days, (e)15 days, (f) 30days.

Fig. 9. Macroscopic transition of a 1wt% Fe(OH)3-organic-Pal non-aqueous suspensions in the magnetic field stayed:(a) 0.5 h, (b)12 h, (c)24 h; (d) experimental scheme for magnetic field application.

Fig. 10. Microphase transition of a 1 wt% Fe(OH)3-organic-Pal non-aqueous dispersion in the magnetic field (a) organic-Pal (without magnetic field), (b), organic-Pal(in the magnetic field after 24h). (c) Fe(OH)3-organic-Pal (without magnetic field), (d) Fe(OH)3-organic-Pal (in the magnetic field after 24h).
Fig. S1. FT-IR spectra of raw Pal (a) and after (b) modified with CTAB-KH570.

Fig. S2. XRD diffraction patterns of a raw Pal (a) and (b) Fe(OH)3 -Pal.

Fig. S3. Schematic representation of the microstructural changes responsible for the liquefaction of a strong nematic Pal gel with the addition of Fe(OH)3.
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Fig. 1. Preparation procedures of Fe(OH)3-organic-Pal non-aqueous suspensions.
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Fig. 2. Zeta potentials 
[image: image4.wmf]V

 of (a) Pal (b) organic-Pal, (c) Fe(OH)3-organic-Pal.
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Fig. 3. Contact angles of (a) raw Pal, (b) CTAB-Pal, (c) organic-Pal, (d) Fe(OH)3-organic-Pal.
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 Fig. 4. SEM of Fe(OH)3 dispersion.
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Fig. 5. The digital photographs of volume fractions of (a) raw Pal, (b) organic-Pal, (c) Fe(OH)3-organic-Pal before (a1, b1 and c1) and after four weeks (a2, b2, c2).
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Fig. 6. SEM electron microscope at 30000 magnification observed the particle dispersed in cyclohexane: (a) raw Pal, (b) organic-Pal, (c) Fe(OH)3-organic-Pal.
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Fig. 7. Observation of the 3 wt% orgainc-Pal of I-N phase transition process. (a, b) Macroscopic observations of the phase behavior of Organic-Pal dispersion after preparation (a) 30 min, (b) 15 days, (c, e) Microphase transition of dispersion after preparation (c) 30 min, (e) 15 days; (d, f) SEM images of the dispersions after prearation (d) 30 min, (f) 15 days.
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Fig. 8. Macroscopic observations of the phase behavior of Organic-Pal and Fe(OH)3-organic-Pal non-aqueous dispersions by the orthogonal polarization: (a-c) organic-Pal dispersions I-N phase transition process 30 days after preparation with volume fractions of clay as follows (a) 1%, (b) 10%, (c) 15%, (d-f) phase behavior of 15% the Fe(OH)3-organic-Pal non-aqueous dispersions after preparation (d) 5 days, (e)15 days, (f) 30 days.
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Fig. 9. Macroscopic transition of a 1 wt% Fe(OH)3-organic-Pal non-aqueous dispersions in the magnetic field stayed: (a) 0 h, (b) 0.5 h, (c) 12 h, (d) 24 h, (e) experimental scheme for magnetic field application.
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Fig. 10. Microphase transition of a 1 wt% Fe(OH)3-organic-Pal non-aqueous dispersion in the magnetic field (a) organic-Pal (without magnetic field), (b), organic-Pal(in the magnetic field after 24h). (c) Fe(OH)3-organic-Pal (without magnetic field), (d) Fe(OH)3-organic-Pal (in the magnetic field after 24h).
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Fig. S1. FT-IR spectra of raw Pal (a) and after (b) modified with CTAB-KH570.
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Fig. S2. XRD diffraction patterns of a raw Pal (a) and (b) Fe(OH)3 -Pal.
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Fig. S3. Schematic representation of the microstructural changes responsible for the liquefaction of a strong nematic Pal gel with the addition of Fe(OH)3.
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