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Two different carbazolylnitrostilbene chromophores with second-order nonlinear optical (NLO) activity were 
newly synthesized by the reaction of 9-(2-hydroxyethyl)-9H-carbazol-3-carbaldehyde with 4-nitrophenylacetoni- 
trile or 4-nitrophenylacetic acid. The NLO monomers were obtained by reaction of these chromoph이t옹 with 
methacryloyl chloride. The side-chain nonlinear optical polymers were synthesized by the copolymerization of 
NLO monomer with methylmethacrylate using a free radical initiator. The chemical structures of the polymers 
were identified by spectroscopic means and the polymer properties such as m이ecular weight, Tg, s이ubility, 
UV-visible absorption, and second-harmonic generation (SHG) coefficients were investigated.

Introduction

In recent years, much scientific and technological 
research is directed toward organic polymers possessing 
nonlinear optical (NLO) properties because of their potential 
applications in the field of optical communication, optical 
switching, and optical signal processing.1,2 Although pro
totype optical devices based on inorganic materials such as 
KTP and LiNbO3 have already become available, more 
research interest is focused upon the NLO polymers be
cause of their superior performance and processibility to the 
inorganic crystals. Among the various NLO polymeric sys
tems, the poled side-chain NLO polymer is currently con
sidered to be the most promising due to the high chro
mophore content, improved temporal stability, good pro
cessibility, and easy structural modification.3 The main is
sues of side-chain NLO polymers are generally two-fold as' 
Allows. First, the NLO chromophores should be designed 
to have effective n-conjugation capped at one end with elec
tron donor and at the other end with electron acceptor to im
part a high molecular hyperpolarizability (P).4,5 Second, the 
NLO p이ymers should possess high glass transition tem
perature (T，to prevent the dipolar relaxation of poled sys
tem.

In this work, we report the design and synthesis of the 
novel side-chain NLO polymers with carbazolylnitrostilbene 
chromophores, which are likely to satisfy the above-men
tioned issues. We incorporated thermally stable carbazole 
group into the chromophore structure, replacing the trad
itional aliphatic amine used as an electron donor group, 
with an additional hope to impart excellent charge transport 
properties necessary for photorefractivity.6 The structures of 
NLO chromophores and polymers were characterized in de
tail and the polymer properties such as molecular weight, Tg, 
solubility, UV-visible absorption, and second-harmonic gen
eration (SHG) coefficients were determined.

Experimental

Materials
Organic solvents were purified by distillation over the 

suitable dehydrating reagents just before use. 9H-carbazole 
and ethylene carbonate purchased from Aldrich Chem. Co. 
were purified by recrystallization from ethanol and diethy
lether, respectively. Commercially available 4-nitrophenyl- 
acetonitrile and 4-nitrophenylacetic acid were used as re
ceived. Methacryloyl chloride purchased from Aldrich 
Chem. Co. were purified by distillation at reduced pressure.

Instrumentation
FT-IR spectra were recorded on a Mdac FT-IR spec

trophotometer and NMR spectra were obtained with a 
Bruker AMX 500 spectrometer. UV-visible spectra were ob
tained with a Shimadzu UV-2101PC double beam spec
trophotometer. Gel permeation chromatography (GPC) 
analysis of polymers was performed at a flow rate 1.0 mL/ 
min in THF at 30 °C using Waters HPLC component sys
tem equipped with five Ultra-|i-styragel® columns (2x 105, 
104, 103, 500 A). DSC measurements were performed on a 
Perkin Elmer DSC7. NLO property of polymer film on 
quartz plate was measured by the standard Marker-fringe 
method at 1.064|im fundamental wavelength.7

Synthesis of the monomers
The synthesis of the monomeric NLO chromophores, 6 

and 8 are illustrated in Scheme 1.
2-Carbazol-9-yl~ethanol (1). A solution of 10.0 g 

(0.06 mol) of 9H-carbazole in freshly distilled DMF (100 
mL) was vigorously stirred at 0 °C, and treated with 4.8 g 
(0.12 m이) of sodium hydride oil dispersion (60%). After 3 
h of stirring at 0 °C, 6.38 g (0.07 mol) of ethylene car
bonate was added slowly and the mixture was stirred at 0 
°C for 1 h and then at 40 °C for 3 h. 10 mL of water was 
added to the mixture and stirred for 3 h. The resulting mix
ture was poured into 500 mL of ice water and the pre
cipitate was purified by silica gel column chromatography 
(ethyl acetate/w-hexane=l/2) to give white s이id (yield: 
67%). mp 80 °C (lit.8 mp 81-81.5 °C). IR (KBr pellet, cm1); 
3220 (\"), 2980-2870 (v^ C-h). 口 NMR (DMSO-d6);
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Scheme 1. Syntheses of the monomeric NLO chromophores.

8 8.1 (d, 2H), 7.6 (d, 2H), 7.4 (t, 2H), 7.2 (t, 2H), 4.9 (t, 
1H, OH), 4.4 (t, 2H, OCH2), 3.8 (t, 2H, NCH2). Anal. 
Calcd for C14H13NO: C, 79.59; H, 6.20; N, 6.63. Found: C, 
79.23; H, 6.07; N, 7.19.

Acetic acid 2-carbazol-9-ylethyl ester (2). A solu
tion of 5.28 g (0.025 mol) of 1 in 40 mL of acetic anhy
dride was stirred and heated to reflux for 2 h. After cooling, 
the excess acetic anhydride was removed at reduced pres
sure. The residue was poured into 600 mL of ice water and 
extracted with ethyl acetate. The extract was dried over 
MgSO4 and the solvent was removed at reduced pressure. 
6.07 g of white solid was obtained, mp 72-74 °C (lit.9 mp 
74-74.5 °C). IR (KBr pellet, cm1); 1734 (vc=o). Anal. 
Calcd for C16H15NO2: C, 75.86; H, 5.97; N, 5.53. Found: C, 
74.82; H, 5.54; N, 5.53.

Acetic acid 2-(3-formVl'carbazol~9-yl)ethyl ester
(3) . 5.07 g (0.02 mol) of 2 was dissolved in DMF (20 
mL) and phosphorus oxychloride (4.66 mL, 0.05 mol) was 
added dropwise to the solution at 0 °C. The solution was 
stirred for 30 min and heated at 100 °C for 2 h. After cool
ing, the resulting solution was poured into 500 mL of ice 
water and neutralized to pH 6-8 with sodium hydroxide. 
The mixture was extracted with ethyl acetate and the extract 
was dried over MgSO4. The solvent was removed at reduc
ed pressure and the residue was purified by silica gel 
column chromatography (ethyl acetate/n-hexane=1/2) to 
give light yellow colored solid (yield: 72%). mp 151-152 
°C. IR (KBr pellet, cm〔)； 2803 and 2708 (vc.h of aldehyde), 
1686 (vc=0 of aldehyde). H  NMR (CDC13); 5 10.1 (s, 1H, 
aldehyde proton), 8.6 (s, 1H), 8.2 (d, 1H), 8.0 (d, 1H), 7.5 
(dd, 2H), 7.4 (t, 1H), 7.3 (t, 1H), 4.6 (t, 2H, OCH2), 4.5 (t, 
2H, NCH2), 1.9 (s, 3H, COCH) Anal. C시cd for C17H15NO3: 
C, 72.58; H, 5.38; N, 4.98. Found: C, 71.54; H, 5.42; N, 
5.31.

*

9-(2-Hydroxyethyl) - 9H - carbazob 3-carbaldehyde
(4) . 10.0 g (0.036 mol) of 3 was dissolved in ethanol (35 
mL) and 4.04 g (0.072 mol) of potassium hydroxide was 
added into the solution. The mixture was heated to reflux 

for 3 h. After cooling, the solvent was removed at reduced 
pressure and the residue was poured into water. The pre- 
citate was filtered and washed thoroughly with water. After 
drying under vacuum, yellow colored solid was obtained, 
mp 123-125 °C. IR (KBr pellet, cm1); 3490 (vo.H), 2808 
and 2735 (vc.H of aldehyde), 1670 (vc=o of aldehyde). 
NMR (DMSO-d6); 8 10.1 (s, 1H, aldehyde proton), 8.7 (s, 
1H), 8.3 (d, 1H), 8.0 (d,lH), 7.8 (d, 1H), 7.7 (d, 1H), 7.5 (t, 
1H), 7.3 (t, 1H), 4.9 (t, 1H, OH), 4.5 (t, 2H, OCH2), 3.8 (t, 
2H, NCH2). Anal. Calcd for C15H13NO2: C, 75.29; H, 5.48; 
N, 5.86. Found: C, 74.55; H, 5.50; N, 5.85.

3.[g. (2-Hydroxyethyl)-9H-carbazol-3-yl]-2-(4- 
nitrophenyDacetonitrile (5). 2.0 g (0.0084 mol) of 4 
and 1.36 g (0.0084> mol) of 4-nitrophenylacetonitrile were 
dissolved in anhydrous ethanol (100 mL) and 1.2 mL (0.012 
mol) of piperidine was added dropwise into the mixture. 
The resulting solution was heated to reflux for 4 h. The 
solution was cooled and filtered. The product was washed 
with ethanol and dried under vacuum to give 3.03 g of red 
c이ored solid (yield: 94%). mp 243-245 °C. IR (KBr pellet, 
cm-1); 3530 (v0-h), 2210 (\，価)，1512 and 1336 (vnitro group).

NMR (DMSO-d6); 8 8.8-73 (m, 12H), 4.9 (t, 1H, OH), 
4.5 (t, 2H, OCH2), 3.8 (t, 2H, NCH2). Anal. Calcd for C23H17 
N3O3： C, 72.05; H, 4.47; N, 10.96. Found: C, 71.10; H, 
4.31; N, 10.87.

2・M 아 hylrgrylic acid 2-[3-[2-cyano-2-(4-nitro- 
phenyl)-vinyl]-carbazol-9-yl]ethyl ester (6). 1.42 g 
(0.0037 mol) of 5 was dissolved in freshly distilled THF 
(370 mL). Triethylamine (2.78 mL, 0.02 mol) and a trace 
amount of 2,6-di-tert-butyl-4-methyl phenol (polymerization 
inhibitor) were added to the solution. The solution was cool
ed to 0 °C under nitrogen atmosphere and 1.95 mL (0.02 
m이) of methacryloyl chloride was added slowly. After stir
ring at 0 °C for 30 min, the solution was heated at 40 °C 
for 24 h. The solution was washed with sodium bicarbonate 
solution and then washed with water. The solution was dri
ed over MgSO4 and the solvent was removed at reduced 
pressure. The residue was purified by silica gel column 
chromatography (chloroform/ethyl acetate=2/l) to give 
orange colored solid, mp 171-173 °C. IR (KBr pellet, cm* 1); 
2208 (Vcn), 1716 (vc=o), 1678 (니c=c of vinyl group), 1516 
and 1338 (vnilro ^p).NMR (CDC13); 8 8.7-73 (m, 12H), 
5.9 (s, 1H), 5.4 (s, 1H), 4.6 (t, 2H, OCH2), 4.5 (t, 2H, NCH2),
1.7 (s, 3H, CH3). Anal. Calcd for C27H21N3O4: C, 71.83; H, 
4.69; N, 9.31. Found: C, 71.03; H, 4.47; N, 9.19.

2-[3-[2-(4-nitrophenyl)-vinyl]-carbzol-9~yl]ethan- 
ol (7). 2.00 g (0.0084 mol) of 4 and 3.04 g (0.0168 mol) 
of 4-nitrophenylacetic acid were dissolved in anhydrous 
ethanol (120 mL). 0.012 mol of potassium ZerZ-butoxide in 
THF solution was added dropwise to the mixture and heat
ed to reflux for 22 h. The solution was cooled and the pre
cipitate was filtered. The resulting solid was purified by re
crystallization from ethanol to give the red colored solid 
(yield: 43%). mp 183-185 °C. IR (KBr pellet, cm"1); 3410 
(Vo-h), 1508 and 1336 (vnilro 奥叩)・ 口 NMR (DMSO-d6); 8 
8.5-7.3 (m, 13H), 4.9 (t, 1H, OH) 4.5 (t, 2H, OCH2), 3.8 (t, 
2H, NCH2). Anal. Calcd for C22H18N2O3: C, 73.73; H, 5.06; 
N, 7.82. Found: C, 72.44; H, 4.81; N, 7.76.

2-Methyl-acrylic acid 2-(3-[2-(4-nitrophenyl)-vin- 
미]・8가冲2卜9■미]eth미 ester (8). Triethylamine (0.84 
mL, 0.006 mol) and a trace amount of 2,6-di-fcr?-butyl-4- 
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methyl phenol were added to the solution of 7 (0.50 g, 
0.0012 mol) in freshly distilled 아iloroform (300 mL). The 
mixture was cooled to 0 °C under nitrogen atmosphere and 
methacryloyl chloride (0.59 mL, 0.006 mol) was added 
slowly. The resulting solution was heated at 40 °C for 24 h. 
After cooling, the solution was washed with sodium bi
carbonate solution and then washed with water. The solu
tion was dried over MgSO4 and the solvent was removed at 
reduced pressure. The residue was purified by silica gel 
column chromatography (chloroform/ethyl acetate=2/l) to 
give red colored solid, mp 147-149 °C. IR (KBr pellet, cm '); 
1722 (vc=o of ester), 1512 and 1336 (vnitro 奥叩)・'H NMR 
(CDC13); 8 8.2-7.1 (m, 13H), 5.9 (s, 1H), 5.4 (s, 1H), 4.6 (t, 
2H, OCH2), 4.5 (t, 2H, NCH2), 1.7 (s, 3H, CH) Anal. 
Calcd for。龍玦2卬04： C, 73.23; H, 5.20; N, 6.57. Found: C, 
73.07; H, 5.09; N, 6.40.

Polymerization
The polymerization of the monomeric NLO chro

mophores are illustrated in Scheme 2 and the typical pro
cedure of them is as f이lows. 0.40 g (0.89 mmol) of 6, 0.27 
g (2.67 mmol) of freshly distilled methyl methacrylate, and
5.8 mg (1 mol% to the monomer) of 2,2'-azobis-(2-methyl- 
propionitrile) (AIBN) were diss이ved in DMF (15 mL). The 
solution was thoroughly degassed by several freeze-pump- 
thaw cycles and heated in a sealed ampoule at 60 °C for 3 
days. The resulting polymer solution was cooled and pour
ed into vigorously agitated methanol to precipitate the poly
mer. The product was purified by repeated reprecipitation. 
After filtration and vacuum drying, an orange colored Pl 
was obtained (yield: 45%). IR (KBr pellet, cm1); 2212 
(vCN), 1734 (vr=o), 1521 and 1342 (vnitro 興叩).0 NMR 
(CDC13); 8 8.7-7.3 (aromatic protons), 4.6-4.3 (NCH2CH2O), 
3.5-3.4 (OCH) 1.7 (CH。，0.9-0.5 (backbone CH2). GPC; 
Mn= 17,000, Mw/Mn=1.55.

P2 and P3 were synthesized by the similar procedure 
with that of Pl.

Polymer P2: yield; 43%. IR (KBr pellet, cm ]); 2212 
(vCN), 1732 (幅。)，1520 and 1342 (vnitro group). E NMR 
(CDC13); 8 8.7-7.3 (aromatic protons), 4.6-4.3 (NCH2CH2O), 
3.534 (OCHj, 1.7 (CH», 0.9-0.5 backbone CH) GPC; 
Mn=l 7,300, Mw/Mn=1.58.

Polymer P3: yield; 35%. IR (KBr pellet, cm1); 1728 (v^), 
1514 and 1338 (vnjtro group).NMR (CDC13); 8 8.2-7.1 
(aromatic pr아onsj, 4.5-4.3 (NCH2CH2O), 3.5-3.4 (OCH3),

1.7 (CH3), 0.9-0.5 (backbone CH) GPC; Mn=10,900, Mw/ 
Mn=1.51.

Results and Discussion

Synthesis of monomers
The compound 1 was synthesized by the reaction of 9H- 

carbazole with ethylene carbonate using a very strong base, 
sodium hydride according to the literature.8 The compound 1 
could alternatively be prepared in a similar yield with 2- 
chloroethanol instead of ethylene carbonate of this report, 
which seems to be applied advantageously to the synthesis 
of longer carbon co-chloro alcohols. The key material in the 
synthesis of the monomeric NLO chromophores is the 
monoaldehyde compound 4. This compound was found to 
be synthesized specifically by Vilsmeier fonnylation of 2 
followed by deprotection with base. Figures 1 and 2 show 
the FT-IR and the 'H NMR spectrum of 4, respectively. As 
shown in Figure 1, the monoaldehyde compound 4 was 
clearly identified by the strong absorption peak of the al
dehyde carbonyl group at 1670 cm1 and also the charac
teristic absorption peaks of aldehyde C-H at 2808 cm"1 and 
2735 cm1.10 The NMR spectrum in Figure 2 shows the 
chemical shift of one aldehyde proton at 10.1 ppm and the 
seven distinct aromatic protons at 8.7-73 ppm, conforming 
to the expected chemical shifts of the carbazole ring protons 
substituted with one aldehyde group in position 3.
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Figure 1. FT-IR spectrum of 9-(2-hydroxyethyl)-9H-carbazol-3- 
carbaldehyde, 4.

Polymer R

Feed ratio (mole ratio)

NLO monomer MMA

P1 CN 1 3

P2 CN 1 1

P3 H 1 1

Scheme 2. Syntheses of the side-chain NLO p이ymers.
Figure 2. 'H NMR spectrum of 9-(2-hydroxyethyl)-9H-carbazol- 
3-carbaldehyde, 4.
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Figure 3. FT-IR spectra of the monomeric NLO chromophores, 
⑶ 6 and (b) 8.

Figure 4. 'H NMR spectra of the monomeric NLO chro
mophores, (a) 6 and (b) 8.

The compound 5, which was precipitated out in the solu
tion during the reaction, was easily synthesized and purified 
in good yield (~90%) by Knoevenagel condensation reac
tion of the aldehyde compound 4 and 4-nitrophenyl aceto
nitrile. However the synthesis of the compound 7 required 
relatively severe conditions, because the carboxylic acid 
group of 4-nitrophenyl acetic acid is the weaker electron 
withdrawing group than the cyano group of the 4-nitro
phenyl acetonitrile. Although we used stronger base (tert-b\i- 
toxide) and longer reaction time (22 h), the reaction yield 
(-40%) was quite low for compound 7.

Figures 3 and 4 show the FT-IR and the NMR spec
trum of the monomeric NLO chromophores, respectively. 
As shown in Figure 3(a), compound 6 was identified by the
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Figure 5. FT-IR spectra of the polymers, (a) Pl, (b) P2, and (c) 
P3.

strong absorption peaks of the cyano group at 2208 cm \ 
a,p-unsaturated carbonyl group at 1716 cm1, and the nitro 
group at 1516 cm1 and 1338 cm— In Figure 3(b), com
pound 8 shows the similar spectrum to compound 6 except 
for the absence of cyano group absorption. The NMR 
spectrum of the compound 6 shown in Figure 4(a) identifies 
the chemical shift of aromatic protons at 8.7-7.3 ppm and 
the vinyl protons at 5.9 and 5.4 ppm. The〔H NMR spec
trum of the compound 8 in Figure 4(b) was very similar to 
that of the compound 6.

Properties of polymers
The FT-IR and NMR spectra of the NLO polymers 

are shown in Figure 5 and 6. Comparing the spectra of Fig
ure 5(a) and 3(a), it is noted that wavenumber of carbonyl 
stretching vibration increased by 18 cm1 after poly
merization, together with the disappearance of characteristic 
stretching vibration of vinyl group at 1678 cm"1.10 Apart 
from these changes, polymer Pl shows the strong ab
sorption bands like monomer 6 at 2212, 1521, and 1342 
cm 1 indicating the intact cyano, and nitro groups, respec
tively. Polymer P2 shows the same absorption band as Pl, 
but the intensity of absorption peak of cyano and nitro 
groups is stronger. The spectrum of polymer P3 is similar 
to that of Pl except the absence of cyano group.NMR 
spectra in Figure 6 show the chemical shift of aromatic pro
tons, the protons in NCH2CH2O, OCH3, CH3, and the pro
tons in backbone CH2 to clearly identify the copolymers 
between NLO monomers with MMA.

The glass transition temperatures (Tg) of the polymers 
were determined to be 125 °C, 140 °C, and 140 °C for Pl,
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Figure 6. 'H NMR spectra of the polymers, (a) Pl, (b) P2, and 
(c) P3.

Figure 7. DSC thermograms of the polymers, (a) Pl, (b) P2, 
and (c) P3 (heating rate: 10 °C/min).

P2, and P3 respectively from the DSC thermograms shown 
in Figure 7. It is clearly shown that the higher content of 
the chromophore resulted in the higher Tg of the polymer, 
indicating the enhanced thermal stability of the polymer due 
to the carbazole ring. As shown in Figure 7(b) and (c), it 
seems that the cyano group has no adverse effect on Tg of 
the polymer.

Figure 8. The absorption spectra of the polymers, P2 and P3 in 
chloroform solution.

The number-average molecular weights of the polymers 
were determined to be 10,000-17,000 by GPC analysis. All 
the polymers are very soluble in common organic solvents 
such as chloroform, dichloromethane, THF, and DMF etc. 
Figure 8 shows the absorption spectra of the polymers in 
아｝loroform solution. It is noted that the p이ymer P3 shows 
the absorption maximum at 408 nm and P2 shows the ab
sorption maximum at more red-shifted region (414 nm) than 
that of P3 due to the presence of cyano group. Pl showed 
the same absorption spectrum as P2. The SHG coefficient 
(d33) of Pl determined by the Marker-fringe method at 1.064 
I丄m fundamental wavelength was found as large as 18 pm/ 
V. Detailed measurements of NLO properties are in pro
gress and will be published elsewhere.

Conclusion

We synthesized two different NLO chromophores with 
carbazole group as an electron donor group and nitro
stilbene or nitrocyanostilbene as an electron acceptor. The 
chromophores were synthesized by the reaction of 9-(2- 
hydroxyethyl)-9H-carbazol-3-carbaldehyde with 4-nitro- 
phenylacetonitrile or 4-nitrophenylacetic acid. The side 
chain NLO polymers were synthesized by a common free 
radical copolymerization of the methacrylate monomer of 
these NLO chromophores with MMA. The thermal pro
perties of the polymers have been investigated by DSC and 
TgS of the polymers were in the range of 125-140 °C. The 
number-average molecular weights of the p이ymers were 
determined to be 10,000-17,000. All polymers could be 
soluble in common polar solvent and the absorption max
ima of P2 and P3 were 414 nm and 408 nm, respectively.
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A series of MgO-SiO2 catalysts were prepared by coprecipitation from the mixed solution of magnesium chlo
ride and sodium silicate. Some of the sample were modified with 1 N H2SO4 and used as modified catalysts. 
The addition of MgO to SiO2 caused the increase of acidity and the shift of O-H and Si-0 stretching bands of 
the silanol group to a lower frequency in proportion to the MgO content. The acid structure of MgO-SiO2 agre
ed with that proposed by Tanabe et al.. Catalytic activity for 2-propanol dehydration increased in relation to 
the increase of acidity and band shift to a lower frequency.

Introduction

In many cases, the components are inactive while their 
mixtures have a high catalytic activity. Thus, recently many 
kinds of mixed oxides were reported to show catalytic ac
tivity for particular reactions.1^ TiO2 alone is impractical as 
a catalyst because of its low catalytic activity. However, 
mixed oxide systems combining TiO2 with such oxides as 
V2O5, MoO3, P2O5, SiO2 and ZnO are known to be effective 
for various reactions.7~11 Pure silica gel, which has no ca
talytic activity with respect to dehydration of isopropyl al
cohol, exhibits considerable acidity and catalytic activity on 
addition of o미y 0.1% ZrO2.12 These combinations seem to 
induce an unexpectedly great change in the catalytic beha
vior.

Acid catalyzed reaction is correlated with acid amount 
and acid strength. In cumene dealkylation the more acidic 
the catalysts, the higher catalytic activity they show.1314 On 
the other hand, tert-butanol dehydration takes place on re
latively weaker acid sites, while skeletal isomerization of 
isobutylene requires exceedingly strong acid sites.15 Thus to 
incorporate acidity and stronger acid strength, single or bi
nary oxide catalysts are modified with sulfuric acid in many 
cases.16-22 High cat시ytic activity of catalyst modified with 
sulfuric acid is attributed to the enhanced acidic property by 
the inductive effect of S=O bonds of the complex formed 

by the interaction of oxides with sulfate ion.21,23
Pure silica gel shows no acidic property and is used main

ly as the support of catalysts, while magnesium oxide is typ
ical solid base catalyst. So far, however, only a small 
amount of work was done for the MgO-SiO2 catalyst.24,25 In 
this work, the catalytic activities of MgO-SiO2 series ca
talysts prepared by coprecipitation method and their corre
lations to the acidic properties have been studied. Also the 
catalytic activities of MgO-SiO2 modified with H2SO4 are 
compared with those of unmodified catalysts. For this pur
pose the 2-propanol dehydration was used as test reaction.

Experimental

Catalysts. The coprecipitate of MgO-SiO2 was ob
tained by adding aqueous ammonia slowly into the mixed 
aqueous solution of magnesium chloride and sodium silicate 
solution at 70 °C with stirring until the pH of the mother li
quor reached 8. The ratio of magnesium chloride to sodium 
silicate was varied. The coprecipitate thus obtained was 
washed thoroughly with distilled water until chloride ion 
was not detected and dried at room temperature. The dried 
coprecipitate was again washed with successive portions of 
a 5% ammonium nitrate solution and then with hot distilled 
water to remove sodium ion in the coprecipitate. The dried 
precipitate was powdered below 100 mesh and was used a동 

catalyst after calcination at 400 °C for 1.5 hr. Some samples 
were modified by pouring 30 mL of 1 N H2SO4 into each 2


