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Abstract

A method based on successive approximation is proposed for the calculation of surface coverage or ligand density of chemically bonded
stationary phases from elemental analysis data. The approach could be used to calculate surface coverage in many stationary phase preparatior
including end-capping and stepwise couplings. Key in this procedure is the use of successive approximation to simplify the adjustment of
weight changes in stationary phase preparation. The method does not involve complicated mathematic equations.
© 2004 Published by Elsevier B.V.
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1. Introduction vides the same surface coverage as obtained with the accu-
rate equations. In my experience, the successive approxima-

Surface coverage of the chemically bonded stationary tion method is easy to learn. It does not involve complicated

phasesg, defined as mmoles of anchored group pérah equations and can be applied to different preparation proce-

native support, is an important parameter in stationary phasedures.

characterization[1] This parameter is often calculated from

elemental analysis dat§2] When preparation of the sta-

tionary phase involves only a single step modification of

the native support such as bare silica gel, the calculation is2. Results and discussion

straightforward. If the preparation involves more than one

step such as in end-capping and stepwise amide coupling re- The procedure is demonstrated with two examples. The

action on silica gel[3] such calculation is more demanding. first example involves end-cappings] A C18 station-

Although equations have been developed in the past to cal-ary phase was prepared by first reacting silica gel (sur-

culate surface coverage in these cases, they can be difficulface area 300 filg) with CigH37Si(CHz)-X and followed

to follow as they involve complicated mathematical equa- by end-capping with (CE)3SiX. Carbon percentage of

tions. In addition, different equations are required for differ- C18Silica (before end-capping) by elemental analysis is

ent stationary preparation procedures. Complication in these8.4%, while that of C18E Silica (after end-capping) is

calculations is due to the need to adjust for the significant 10.04%.

weight change of the stationary phase upon modification. ~ To calculate the C18 coverage in C18Silica, a simple
The author proposes an alternative method to account forweight adjustment is sufficient. Based on the carbon per-

the weight change. In the case of the modification with a centage 8.4%, in 100g of C18Silica gel, there is 8.4g/20

single step reaction, simple weight adjustment was suffi- (there are 20 carbons)/12 (molar mass of=€).035 mole

cient for the accurate calculation of surface coverage. Whenof C1gH37Si(CHz)2 (MW = 311) group. According to the

more steps are involved, successive approximgddmro- immobilization equation, for every mole ofigH37Si(CHs)2
immobilized, 1 mole of proton is lost. Therefore, 100g

of C18Silica contains 106- 0.035x 311+ 0.035x 1 =
* Tel.: +1-662-325-7613; fax:1-662-325-7613. 89.15g of silica gel. Therefore, the surface coverage is
E-mail address TL45@ra.msstate.edu (T. Li). 0.035/(89.15 x 300) = 1.31 x 107 or 1.31umol/n?.
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Calculation of the surface coverage of the end-capping Sep 1: First assume that weight gain can be ignored, the
(CH3)3Si group in C18ESilica (after end-capping) is more surface Dnb-Leu coverage can be calculated easily accord-
complicated. Here, it requires a successive approximationing to: (1.54-0.67 g) (nitrogen percent gain)/3 (number of
method and is shown in the following steps. nitrogens in Dnb-Leu)/14(molar mass of N)/100 g of sta-

Sep 1. First assume that weight gain of the stationary tionary phase= 0.000207 or 0.207 mmol/g.
phase in the end-capping step can be ignored, it takes 100g Step 2: Using this surface ligand concentration to adjust
of C18Silica to make 100 g of C18E silica. Accepting this for weight change of the stationary phase. To prepare 100g
assumption, for 100 g of C18E silica, there is (40— 8.40) of Dnb-Leu-AP-Silica, one needs 106-g.00x 0.000207x
(C% difference)/3 [3C in (CH)3Si]/12 = 0.0456 mole of 325 (molar mass of Dnb-Leu-OHj 100 x 0.000207x 18
(CH3)3Si (MW = 73). For every (CH)3Sigroup, one proton  (molar mass of hO) = 93.64 g of AP-Silica, as the coupling
will be lost. Therefore, making 100 g of C18E silica requires reaction results in a net loss of one® molecule.

100— 0.0456x 73+ 0.0456x 1 = 96.72 g of C8Silica, not Sep 3. Recalculate the surface ligand concentration
100 g of C18sSilica. considering this weight change. Since it takes 93.64g of
Sep 2: With this information, recalculate the mole of AP-silica to make 100 g of Dnb-Leu-AP-Silica, the surface

(CH3)3Sigroup in 100 g of C18E silica. In 100 g of C18E sil- Dnb-Leu concentration i¢1.54 — 0.67 x 93.64/100 (ad-

ica, there i910.04—8.4 x 96.72/100)/3/12 = 0.0532 mole justed N% increase)/3/14/1660.000217 or 0.217 mmol/g.

of (CH3)3Si, since it takes only 96.72 g of C18Silicato make = Sep 4: Repeat Steps 2 and 3 until convergence of the
100 g of C18E silica according to step 1. According to this result. In this case, the surface Dnb-Leu concentration con-
new mole of (CH)3Si group, to make 100g of C18E sil- verges at 0.218 mmol/g with two more iterations.

ica requires 100- 0.0532x 73+ 0.0532x 1 = 96.17 g of

C1i8silica.

Sep 3: Repeat Step 2 until the mole of GHSi con- 3. Conclusions
verges. It takes three more iterations in this case. Mole of
(CH3)3Si, 0.0545 mole, weight of C18Silica, 96.08 g; mole Successive approximation is simple and effective in
of (CHs)3Si, 0.0547 mole; weight of C18Silica, 96.06g; calculating the surface coverage in complicated station-
mole of (CHs)3Si, 0.0547 mol; weight of C18Silica, 96.06g.  ary phase preparations. Although slow-convergence or

Therefore, making 100g of CI18E silica requires Non-convergence is theoretically possible, the author has
96.06g of C18Silica, which needs to be made from Not encountered such cases in his past experience regard-
96.06 x 89.15/100 = 85.64 g of silica (it takes 89.15g sil- ing stationary phase preparations. If non-convergence does
ica to make 100 g C18Silica). Surface coverage of {35 occur, one would have to resort to the accurate methods
group equals @547/(85.64 x 3000 = 2.13 x 107° or described in the literature.
2.13pmol/m?, which is the same as the 2.j#ol/m?
reported in the literaturfl].

The second example involves stepwise coupling in sta-
“O”f"“y phase preparation. In t_h|s example, a Dnb-Leu The financial support from NIH (1 RO1 GM63812-01) is
stationary phase (Dnb-Leu-AP-Silica) was prepared by cou- greatly appreciated.
pling Dnb-Leu-OH to 3-aminopropylsilica gel (AP-Silica),
which was obtained by reacting 3-aminopropyltriethoxysilane
with silica gel. [6] The net reaction is Dnb-Leu-OH References
+ AP-Silica = Dnb-Leu-AP-Silica+ H>0. Results of el-
emental analysis of aminopropyl silica (AP-Silica) are C: [1] J.E. Sandoval, J. Chromatogr. A 852 (1999) 375.

1.96%; H: 0.64%; N: 0.67%, while results of elemental anal- [2] G.E. Berendsen, L. De Galan, J. Liquid Chromatogr. 1 (1978) 561.
ysis of the Dnb-Leu stationary phase (Dnb-Leu-AP-SiIica) [3] Ii.lBuszewski, M. Jaroniec, R.K. Gilpin, J. Chromatogr. A 673 (1994)
are C: 5.30%; H: 0.81%; N: 1.54%. .

To calculate the surface Dnb-Leu density of the Dnb-Leu “l g;ﬁ,isshﬁf,gg',\,zj\\,ﬂ QXYE,S;OESJ :_ °g','$_“ S:R. Crouch, Saunders College
stationary phase from the nitrogen analysis data, the follow- [5] w. Cheng, M. McCown, J. Chromatogr. 318 (1985) 173.
ing steps are taken. [6] A. Yang, T. Li, Anal. Chem. 70 (1998) 2827.

Acknowledgements



	Weight adjustment in calculating surface ligand coverage or density for chromatographic bonded phases
	Introduction
	Results and discussion
	Conclusions
	Acknowledgements
	References


