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Solid State NMR Study of Silica Gel Packing Materials
for High—Performance Liquid Chromatography

Silica gel packing materials modified by mono-,

Hideyuki OKA
Yuji TOKUNAGA
Tadashi OKADA

di— and trifunctional octadecylchlorosilanes have

been studied by solid state #Si and *C nuclear magnetic resonance (NMR) using the cross polarization

(CP) and magic-angle spinning (MAS) techniques. Qualitative and quantitative analyses of the NMR

data obtained are utilized for the determination of the chemical modification state on silica surface as

well as the amount of residual silanol groups.

The silylation with trimethylchlorosilane (TMS)

followed by additional treatment of the chemically modified silica surface is found to lead to the

decrease in amount of the residual silanol groups.

The present solid state NMR data together with the

results from high-performance liquid chromatography suggest that more effectively silvlated silica gel

packing materials depress the adsorption of basic species.
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Table 1 Preparation method for various silica gel packing materials

Sample Preparation method
A base silica + monochloro ODS + end—capping TMS(trimethylchlorosilane) ]
B1l base silica + dichloro ODS 4+ end—capping[ TMS+additional treatment ]
B2 same as B 1
C1 base silica + dichloro ODS+end—capping[ TMS |
C2 same as C1
D base silica + trichloro ODS + end—capping[ TMS+additional treatment ]
E1l base silica
E2 base silica(E 1) + dichloro ODS
E3 base silica(E 1) + dichloro ODS + end—capping TMS+additional treatment |
F1 base silica
F2 base silica(F 1) + dichloro ODS

F3 base silica(F 1) + dichloro ODS + end—capping[ TMS]
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Fig. 1 C CP-MAS NMR spectra of the products of (mono, di, tri) functional octadecyl
chlorosilane and silica gel. (A) monofunctionality silica gel, (Bl) difunctionality
silica gel and (D) trifunctionality silica gel.
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Fig. 2 #Si CP-MAS NMR spectra of the products of (mono, di, tri) functional octadecyl
chlorosilane and silica gel. (A) monofunctionality silica gel, (B1) difunctionality
silica gel and (D) trifunctionality silica gel.
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“C and #Si CP-MAS NMR spectra of difunctional octadecyl chlorosilane silica gel.

(E1) base silica, (E2) after ODS silica and (E3) after end-capping silica.
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Fig. 4 The amount of silanol determined by *Si, and the amount of end-capping determined
by “C CP-MAS NMR. (A,D) observed spectra, (B,E) synthetic simulated spectra
and (C,F) simulated spectra .
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Fig. 5 The relative amounts of silanol for
various silica gel packing materials.
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Fig. 6 Comparison with the relative silanol
amount of sample E and F [base silica
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C2, F3, ADRLEVERNELRI, b,
KPR TEBMO Y5 /) — AV EE2HELLERY
Fig. 6 LiRT, BRI LDORTY 7/ — BT,
NR=Z Y ) Ho0DSfL—>T Y FF v o v S (E1—
E2—>E3, F1>F2-5F3) Cftvihrkoimd LT
WA EDRRER S R,

2) TvEFrvEVTEES LT/ —ILEORR
A EE L-ODSTF D5 b, BfEY 5/ —VE
B TMSIbic kb Y Ve v o €V 7 LIEEBT

m




62

_Journal of TOSOH Research Vol.41(1997)

Table 2 The relative amounts of silanol and end-capping determined by #Si
and ®C CP-MAS NMR, and the ratio of theoretical plate number of
procainamide for each silica gel

Sample Silanol amount End—capping amount The ratio of theoretical
[Q3./Q4 ratio] plate number of procainamide
A 0.76 0.20 0.432
B1 0.50 1.38 0.515
B2 0.49 1.40 0.549
C1 0.71 0.63 0.022
C2 0.70 0.84 0.026
D 0.53 1.56 0.858
E3 0.51 1.44 0.588
F3 0.67 0.67 0.020
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Fig. 7 The effect of end-capping of the

residual silanol in silica gel.
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Fig. 8 The calculation method of theoretical
plate number (N) and the ratio of
theoretical plate number from the
chromatogram obtained by the ionicity

test.
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