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SUMMARY

Wetting phenomena for different Hguids were studied on varlous surlhees
“tailored™ by the permanent bonding of selective monolayers of silanes to the inner
will of glass capillaries. Surfuces were characterized by graphing the cosine of advancing
contact angle on differently modified glass against liquid surtace tension. The thick-
nesses of coated films of stationary phases, measured chromatographicallv, were found
to be in rood agreement with those calculated trom the Fairbrother—-Stubbs equation.

"However. the presence of the monolavers significantly alters the surface characteris-
tics of the glass. and the chromatographic performance of capillary columns the-
reflects the film homogeneity, which was found to be a sensitive function of the chem-
ical similarities between the surface structure and the phase. The mechanism of com-
patibility proposed earlicr [or the wettability of glass capillary walls 1s discussed in
terms of hoth the surface phenonmena deseribed and a molecular model of the modified
surface.

INTRODUCTION

Surface wetting phenomena are among the most important subjects of study in
chromatography. To achieve high separation ctficicncics with zas chromatographic
columns. a uniform and homogeneous stationary-phase Luyer on the supporting selid
must be obtained. Wetting phénomena are particularly eritical for glass capillary col-
umus, and these problems have been discussed in a review article by Novotny and
Zlatkis®. In the same wayv. improved werttability would also be beneficial for ordinary
chromatographic materials (diatomaceous earths. silica gels. glass beads. etc.) in
terms of better efficiency and deactivation. According to the theoretical model of
Giddings?®. a solid support is first coated with a thin layer of the stationary phase. if
this process is allowed by the surface wettability, before any turt[u_r accunmulation of
the liquid into the pores takes place.

© On leave from Department of Physical Chemistry, University of Leeds. Leeds, Great Britain.
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~ While wettability problems with glass capillary columns can be solved to a
certain degree by the general approach of increasing the roughness of the glass
" surface™® with corresponding decrease of liguid contact angles on thermodynamic

erounds, the molecular basis of wetting cannot be overlooked. Based on our previous
experimental evidence®? a general surface model for modified glass has been suggested’
i which a permanently bonded monoelayer should be attached to the silica framework,
while the ““exposed™ portions of the attached molecules should be available to comply
with the polarity or other property of a given stationary phase. While hydrophohic
monolayers prepared by simple trialkylsilylation can be used with non-polar phases?,
only limited success was achieved with more polar substrates because of the unavail-
ability of suitable silanes. Recently, however. a universal experimental realization of
this above model has been described®. in which dimethylchloro[4-(4-chloromethyl-
phenyl}butyllsilane (I) is reacted with the surfice hydroxyl groups: the benzylic
chlorine atom is then replaced. in subsequent reactions. by suitable groups compatible
with the stationary phase. Only qualitative proof of the validity of this approach was
presented® as reflected in the improved efficiency of glass capillary columns coated
with several polar siationary phases. '

Consequently, the main objective of the present work has been to verity the
compitibiiity concept® in a more quantitative fashion, 1f it indeed implies that chemi-
cal similaritics between the wall of capillary columns and the stationary phase are
conducive to zn cfficient spreading of the latter. such phenomena should be reflected
in the surface charactenstics. Therefore. the contact angles of various liguids on
differently ““tailored™ surfices were measured together with respective surfuce tensions
where necessury. and these were then correlated with chromatographic measurements,

" It is found that both chromatographic cfficiencics and measurcments of the average
film thickness? in glass capillary columns strongly support the validity of the compati-
bility concept. A discussion of the molecular basis of wetting is presented. and a model
of the surface is used to explore relevant phenomena at the molecular level.

EXPERIMENTAL

Soda-glass capilluries. 14-23m -~ 0.2 mm L.D.. were filled with a solution of”
compuound I in dry benzene and the surfirce groups were allowed to react betore wash-
ing with benzeme and acetone. Further reactions of the. surfuce-bonded ~CH.CI
sroups® were then carried out by: (a) hvdrolvsis with potassium carbonate in tetra-
hydrofuran—water before successive washings with @ series of solvents ol decrecasing
polarity: (b) treatment as in (a) followed by esterification of the hyvdroxyl groups
with benzoyl chloride and subsequent washing as in (a): () reaction with potassium
cyanide before washing as in (2): and (d) reaction with a weak solution of ammonium
hydroxide before washing as in (a). g

Other capillaries were filled with benzene solutions of: (e} diethoxymethyl-
(10-ethoxycarbonyldecyl)silane (11): (f} 3.3.4,4,5.5.3-heptafluoropentyldiniethylchio-
rosilane (EI): (g) N-{2-aminoethyl)-3-aminopropyltrimethoxysilune (IV): and (h) a
1:1 mixture of 1.3-di(3-heptafluoroisopropoxypropyllietramethyldisilazane (V) and
(3-heprafluoroisopropoxypropylydimethylchlorosilane (V1) after reaction. the capil-
aries were washed with benzene and acetene. In a capiilary, treated (1) as in (h). hy-
drolysis was carried out by means of an HCI solution in methanol {in order to yicld
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different tvpes 0{ surface hvdroxyl groups). and followed by washing with methanod
and acetone. All capillaries were finally dried by passing dr\' nitrogen gas at ) .

Procedures described elsewhere were used to prepare (j) acetone- \m‘;hgd“ (k)
chromic d(.ld \\d-:hcd‘: and (1) silanized® 20 m - 0.2 mm L.D. capillaries.

Phvsica! ICASUTements

_ The surface tensions of HI.J.I!O!'I.II‘V phd:u and stationary phase solitions were
measured by the capillary-rise method using capiilaries (k) above: calibrating liquids
were analytical grade toluene and chloroform.

Contact angles were measured by the capillary-rise method on segments of the
columns [ater used in coating experiments. The meniscus height was measured with
a cathetometer with the tangent to the centre of the meniscus normal 1o the perpendie-
wlar in both surface-tension and contact-angle measurements.

Densities and viscosities were measured with a pyknometer and a Ubbelohde
suspended-level viscometer, respectively’.

C aatuu{ aof capillary colunns

_ The dynamic method was used. as : described previouasly®. with the colls hang-
ing vertically. The required plug velocity for a given film thickness was calculated from
the Fairbrother-Stubbs equation™” using values of the physical proeruLb IISELd in
Tablc i _ -

Gas chromarographic measurenients
Capacity-ratio and column efliciency measurements were made on a Varian
Model 1400 gas chromatograph with modified injecter and detector manifold.. Injec-
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TABLE | _
_PROPERTIES OF 10% viv STATIONARY-PHASE SOLUTIONS AT 25°

For details of the surface treatments, see Experimental.

Srationary phase . Solvenr Density Sarface Viscosin- Chemical treatment
(keinf} tension (einm-sec)  of the glass surfuce
(= Nim) where zero contuct

angles are obgained

Ucon oil 30-HB-2000 i Toluene 883 2.80 1.39 (a), (), (i)
2. 27-Oxvdipropionitrile Toluene 880 2.79 070 (a), ()
Dinonyl phihalate - - Toluene 873 - 230 .66 th), (e}
Tricthanolamine Methanol 821 232 0.84

Silicone oil GV-210 Acetone 824 - 212 (.80 . ()

1,2 3-Tristevancethoxyjpropane Methanol $22 . 2,25 0.75 {«)

tions of 1 ut of benzene headspace were made with nitrogen carrier gas. a split ratio of
1:200. and injector and detector temperatures of 1307 Specific retention volumes, F,,
for 2.2"-oxydipropionitrile. Ucon oil 50-HB-2000. and OV-210 silicone ol were de-
termined with previously described equipment”. and film thicknesses. . were
derived by combining values of the capacity ratio. £. and V¥, measured at the same
temperature. :

RESULTS AND DISCUSSION

Conracrt angles _

Characterization of the chemically moditied capillary surfaces was attempted
by plotting cos & (where O is advancing contact angle. Tables 1 and L1} against 5
{surface tension) for varicus stationary phases. stationary-phase solutions. and mis-
cellaneous liguids'®-''. Untreated (/e. merely acetone washed) slass shows effects ex-
pected of a heterogeneous surfuce (Fig. 1). A slightly greater degree of wetting (& == 0,
cos @ = |}isevident with this glass as compared to the literature value®? of the eritical
surface tension. y. (the maximum value of 3+ at which & -= 0 (ref. 10)). obtained tor
Pyrex glass, but there is wide scatter in this graph. Autophobic effects'™-!* apparently
operate for the esters di(2-ethylhexyl) sebacate and dinonyl phthalate.

On the other hand. surfaces treated by silanization with trimethylchlorosilane:
compound LI : a mixture of V and V1: V and VI followed by hydrolysis with HCL: |
treated first to yield hydroxy structures and then followed by reaction with benzoyl
chloride: and i followed by reaction with ammonia. all gave more regular cos & vs, 3
behaviour {Figs. 2-6, and Tables 11 and ill). The autophobic behaviour of esters is
generally suppressed, and straight lines with good correlation coefficients (Table 111
may be drawn through the points for which 3 (liquid) is greater than 3¢ {surface). The
intercept on the cos @ = 1 axis gives the value of . (Table 111): for ouy surfaces cover-

.ed with surface bonded -5yCH;);. -S5i{CH;).CH,CH,CF.CF.CF; and -Si{CH;}.-
CH.CH.CH.CH,-C,H,;~CH,;QOC-CH; groups, these values are very close to 3 for
corresponding monolayers and crystal structures reported in the literature (Table 111).
so that a fairly complete coverage of the surface is suggested. The gradients of the
rectilinear plots shown in Figs. 2-6 are all simifar.
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TABLE I}

CONTACTE ANGLES ON CHEMICALLY TREATED SODA-GLASS SURFACES AT 25°
For details of the surfac.e lreatmems see F_’(penmemal

Sﬂznmmrl.' pim_w.' ar Dcn.s‘ln Sf:rﬁz(‘c‘ C onract an"!e (== 10° “} on variously rreated mdzz I:Ian

steandard liguid (Egin?} tension .
(107 Nim) (a) (b) (c) (d) (e) (f) (x) Ch) (D) (}) (K} 0]

Silicone oil 5F-96 954 2 06 12 ] 19 23 2] 27 20 25 16 0 0O O
Ucon oil 50-HB- o : ' .
2000 ) 1051 3.57 4] 0 -0 27 39 46 33 52 25 0 0 35
2. 2.0xyvdipropio-
nitrile 1045 4381 20 28 27 39 60 65 M 73 — 42 o0 72
Di2-ethythexyh ) ’ -
scbacatc 912 32377 22.20 35 - 27 - — .- — 31 22 36
Dinony| phthalate 964" 2.88 17 15 24 16 23 3 0O 43 0 30 15 33
Triethanolamine 1119 4.90 0 26 3 50 66 64 38 T3 ‘56 21 O 61
" Silicone oit OV-210 1190 219 10 LY 0 16 0 35 g 285 39 &) a 0
1.2 3-Tris(cyano-
cthoxy)propanc 1114 5.19% 37 4 30 50 W - — - — 44 30 67
Formamide 112977 379°° 31 37 27 61 74 65 S50 77 67 O - 59
Water 997" 7.20°" 41 63 43 81 T8 85 62 92 56 33 - 68
Glycerol 1238°° 6.29°° 3 45 41 e’ TT 85 59 88 67 14 - T
Toluene R i A - 0 0 0 0 o 40 O W 0-0 0O -
Methanel . 87T 2327 e = = e e = ) - = -

* Value from ref. 33_
*T Values from refs. 34 and 35.
“"% Value from ref. 36. :
§ Rased on 2 - 307 on chromic acid-washed glass (ref. 37).

1O < - —_—
’ all
i 5 . :
. .
QB 3
! * s
a 10
(¥} L2
- 06
0O i 1 ] _ 1 1
2 _ 3 a . s 5 7

2 (0= Nrm)

Fig, 1. Graph of cos 7 against ;- far acctone-washed glass (treatment (j)). 1 == Silicone oil SF-96:

= Ucon ail 50-HB-2000: 3 = 2,2 -oxvdipropionitrile; 4 = di{2-ethylhexyl) sebacitie; 3 = dinony1
ph{halmc 6 = tricthanoclamine; 7 == silicone oil OV-210; § - l,_,3-lrls(_cyanoe[hot\ Jpropane: Y =-
formamide: 10 = water; 11 = glveerol; 12 = wluene: 13 = methanol: 14 = 104, viv Ucon il 30—
HB-2000 in toluene: 15 = 10% v/v 2 2-oxvdipropionitrile in toluene: 16 = 10%, viv dinony!
phthalate in toluene:; 17 = 10% viv silicone oil QV-210 in acetone: 18 = 0%, v/v - 123-1rs
{evanoethoxy) propane in methanol; 19 = 102 viv silicone oil in toluene.



40 _ K. D. BARTLE, M. NOVOTNY

17 19

1G;

tos @
T

o6

a8
Ge

Q4az- ' .

3
el L LI
2 3 4 5 5
FUOENIm)

w]

Fig. 2. Gmph of cas & against §* for silanized glass (treatment (1) For u.nl:nuucm uf the numbers
see legend o Fig 1.
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Fig. 3. Graph of cos £ : against 3 for glass with bonded -SiCH;)L.CH.CH.CF,CF.CF, groups (treat-
ment (£}, For explanation of the numbers, see legend 10 Fia. |,
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Fiz. 4. Graph of cos & against - for glass with (@) bonded —Sit CH,).CH.CH.CH.QOCF(CF,}, graups
{treatment (hi), and for glass :,lmlia.rlv treated and then h\drolvzcd (treatment (i}) (7). For explana-
tion of the numbers, sec legend to Fig. 1.
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Fig. 3. Graph of cos & against + for glass with bonded -SiCH;)4CH.),-C.H,-CH,Q0C-C.Hj;
groups {treatment tb)). For explanation of the numbers, see legend to Fim. 1.

On the other hand. surtuces covered with -Si{CH;).CH,CH.CH,CH,-C,H -
CH-OH and -S5i{CH;),CH,CH.CH.CH.-C,H,~CH.CN groups show rectilinear
cos € vs. 3 plots (Figs. 7 and 8). but with smaller negative gradients than the earlier
eraphs (Table 1), ye for both is approximately 3.3-107° N/m. Esters show some
degree of autophobia on both surfaces, and 2.2-oxydipropionitrile still shows an
appreciable & on the surfice containing cvano groups. : :

Anomalous cos @ re. v relationships were observed Ior \L!l’ﬁlLL\ l'ﬁ..d[t..d with
compounds Il and V. It should be noted that a multilayer surfice coverage is expected
with these compounds due to the formation ol polvmers. and complicated sobvation

10

Il r L I3

2 : 3 < = 1=} 7
' 707 m)

Flg 6. Graph ol' cos (& against 3 for glass with bonded —Si{CH;).(CH, )_‘—C H,—CH\NH, groups
(treatment (d)). For explanation of the numburb, see legend to Fia, 1.
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TABLE Ii}

DATA DERIVED FROM GRAPHS OF cos @ AGAINST + FOR CHEMICALLY TREATED
SGDA-GLASS SUREFACES

Treatment
_ fa} (b) fc) {d) (f} hy (D) (i} _
Gradient;mMN—" -7 —1i6 i - 18 — 17 — 20 —19 -—-18
¥ oo/Nm™* 36 1.4 33 28 1577 1.7 29 21"
Number of points 7 G 1 9 1t 11 6 9
Corretation )
coeﬂ'icient - 09  -0.91 .59 --098% —0.97 -099% -093 _.p88

cf e == 4.3-107F N:m {ref. 10) for pohethvlene terephthalate: 4.0 = 0.2-107% N/m (ref. 12)
for poly ethv't‘.neLhcal tcrephlhal:itc_
"% ef. ;e = 17-107F Nim for surface composed of -CF.- and CF, groups (ref. 10).
“of e = 22224107 MNm for monol.nu composed of ~-CHj groups; 2.0-107* N:m for —-CH;,
crystal surtdu. (ref. 10). -

104212545
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yncer:m)

Fig. 7. Graph of cos & against 7+ for glass with bonded -SitCHL)L(CH),-C H,-CH.OH groups
treatment {a}). For explunation of the numbers, see legend to Fig. 1.
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Fig. 8. Graph of cos © against 3 for glass with bonded -SHCHi){CH;).~-C,H.~-CH.CN groups
tireatment {¢)). For explanation ol‘ the numbers, see legend to Fig, 1.
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phenomena'® may complimte the measurements. Surf.lce hydrolysis of the ester
groups with 11 may also be implicated.

Hydrolysis of the ester ﬂroups in caplllarles with bonded —Si(CH;),CH,CH.-
CH,CH,-C,H,-CH,O00C-C,H; groups was observed and studied in detail (Fig.9); the
rise of the water fevel in caplllarv-nsc experiments did not follow the Washburn cqua-
tion'® as in the case for capillaries in which no surface reaction accurred {e.g. with
bonded —SI(CH3)1CH1CH:CH1CH:HC5H4 CH,OH groups —Fig. 9), and continued
to increase as the ester groupings were hydrolysed to hydroxyl groups for which the
contact angle is smaller and the meniscus height greater. A more rapid increase in
level was observed for 0.1 Af hydrochloric acid in the ester-bonded capillary. consist-
ent with a greater reaction rate for the hvdrolysis. Such observations are. of course.
- strong evidence fur the presence of the ester groups after the sequence of reactions out-
'~ lined in Experimental.

10

o——o— Ha O

o1 HCI

Height {cm)

[s]

s 60 20 ' 120

) Time {min)
Fig. Y. Graph of heighi of Tiquid in capillary tube against time for glass with bonded -SHCHOACH: )~
C.H.-CH.00C-C.H; (@} and -SitCH)CH . ),-CoHL-CHLOH groups ()

' Gas clromuatographic properties of treared capiflaries
The properties (Table 1V) of columns coated with plugs of sl.umlmrv -phase
~solutions at coating rates appropriate to give film thicknesses near 1.5-1077 m dem-
onstrate clearly the importance of column pretreatment to give a surface compatible
with the coated phase. For example, 2.2-oxydipropionitrile coated on untreated glass
resulis in a poor column, but much improved column efficiency is achieved on a sur-
tuce with bonded cvano groups. [n both cases, the measured? {ilm thickness is very near
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that calculated from the Fairbrother-Stubbs relation, but compatibility of the surface
and the stationary phase induces iim homogeneity.

Similar results were observed for columns coated with Ucon oil 30-HB-2000
(a polypropylene alycol). Poor efficiency on untreated glass was observed. while con-
siderably improved results were obtained on the -5i(CH,)»CH.CH.CH,CH.-C H,-
CH.OH bonded surfuce. On the other hand. attempts to make such columns with o). .
near 2.5- 1077 m, by changing the parameters of the Fairbrother—Stubbs equation.

tailed. The range of stabilizing action of the hydroxyl group-containing surface is .
evidently comparatively limited. Similar effects have been observed!” for urimethyl-
sifanized columns coated with SF-96 methyl silicone oil and Apiezon L. Thicker
films may be prepared by increasing the surfiice area (e.g by etching) before a selective
treatment. ' '

The compatibility effect is remarkably specitic. and complements. and may
even over-ride. the requirement that contact angle be small for the stationary phufjc on
the glass surface. For example. 2_2-oxydipropionitrile has non-zero & (27°) on the
compatible surface which it eouts successfully : @ for this phase on -Si(CH;).CH.CH.-
CH.CH,~C ,H;-CH.OH bonded glass is similar (20°). bui a much lower column effi-
ciency is observed. Canversely. Ucon oil has @ = 0 on both hydroxy and cyano -
surfaces. but a lower column etficiency is observed in this case for the column with the

Csurface containing cyvano groups. ' . ,

"The interplay of contact angle and compatibility elfects is further demon-

- strated by columns coated with the fluerinated silicone polymer OV-210. This phase

hs low 5 (2.19- 1072 N/m) and coats untreated glass quite well. so that a column of
good éfficiency is obtained. However. a surface treated with —-Si(CH;),CH,CH.CF.-

CF.CF; groups has ;¢ (1.3- 1072 N/m) below even the 2 value for OV-210. and con-
tact anghe € -~ 387 for this liquid. The increased compatibitity ol the phase and fluo-
rinated surface, however, results in only a relatively small decrease in column efficiency.
Simularly. another surface compatible with Ucon oil is the one containing hvdroxy
groups prepared through the hvdrolysis off -Sy{CH;).CH.CH.CH,-O--CF(CF;),

- with dilute HCI: although & is 25 a fairly efiicient column cun be prepared.

Regrettably. - compatibility 15 not always ensured by merely matching func-
tlonal groups of the stationary phase with those of the surface: 1.2 3-tris(cvanacthoxy)
propane has structure somewhat analogousto that of 2.2-oxydipropionitrile. hassimilar
on the cvano-treated glass (30 ). but gives poor columns. In the same wav, attempts

CH; '

to {ind surfices compatiblke with dinony! phthalate through ~-Si-(CH,),,—COOC.H;

and -Si(CH;),CH.CH,CH.CH,-C,H,-CH,O0C-C H; were unsuccessful. In any
case. the observed surface hydrolysis of the ester linkiage makes use of these com-
pounds for practical chromatography rather limited. The treatment previously de-
seribed by us?. in which an alivisitane layver is bonded to the slass and oxidized #2 situ
appears to provide a suitable surface for dinonyl phthalate. No surface compatible
with tricthanolamine was found in this study. However, gas-phase etching which was
previously shown to aid the spreading of tricthanolamine’ may be combined with a
selective treatment in order to bring about better efficiency.
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The molecular hasis of compaibifity

~A sohid surface may alter the structure of an adjacent ligquid Laver over a
distance of up o about 1077 m (rets. 182 19y This phenomenon is thought to be caused
by the induction by the solid surkace of a molecular one-ranae ortentation in the vici-
nal liguid. This condition alters the viscosity™-*1, thermal conductivity?, and diclec-
tric constant of liquid surface zones. These eifects cannot be explained on the basis of
tong-range dispersion forces extended from the solid surfaces. which are caleulated to
have much smaller etfects™. A more forceful explanation involves molecular rota-
tion restriction in oriented surtace zones™ . For example. the rotationat movement of
an adsorbed or surtuce-bonded molecnle is restrieted about at teast one axis. and the
intermolecular distance to the next laver in the film s decrensed compared with con-
ditions in the bulk liguid in which rotation is free. A reduction in chemical potential is
expected. and the decreased distance gives rise to an excess dispersion interaction. kn
this way. many molecular lavers can be built up. but with increasing distance from the
solid surface the rotstions adhowt other molecular axes become important and stabil-
izing excess interictions are diminished™*.

Moremer, the stability of certain dispersions has been explained by the exist-
enee of an oriented kaver. of the lguid ervstal type. of alkvibenzene molecules lyving:
paritilel to o graphite surface. and extending some distance from it™. Boundary lavers
with specilic propertics may also be formed for nonpokir compounds under the in.
fluence of adsorbed monokivers of polar compounds of similar stracture™ . Boundary
Leyvers are thus well-documented For fow-molecular-weight materviads, and their ox-
istenee would explain our observatons of {ilm stability in capillary columns. The nec-
essary simikarity: of Funciional groups in o surfuce modilving monolaver and e
statienary phase mav then ke eaplained by mokeculor packing. This proposal was
tested by model building.

A wndel of the chenically stedified sfass sorfaee
O s wseadby sepposed that the stracture of silicate slasses can be represented
by the assumprions that the basic units are silica groupings in which alkalt and other
basic oxides are distributed. and that the whole s boaded together through oayveen
atomes. The mean spacing beiween the slighthy irregularhy arranged 5103, tetrahede:
rather wider than the regular spacing 1n the silica allotrope ridvmite which obtams in
Cviireons silice M, A alass surface etched by NaOH was reported by Liberti to have
o basic stlica strocture. Accordingly. 1 model planar silicon oxyveen network was
chosen (o represent a slasys surtice with standard bond distances™ (see p. 9.
Such a structure could gecomuodate eight hydroxy] groups per unit area (107 Mo el
100 A%). but in practice ¢ Table Vi smaller aumbers are availuble for bonding, and
figure of four (of which halt were assumed geminal) per unit aren was aken as best in
keeping with other work. A possible moded for o chemically modified surface was then
constructed by bonding -SHCH;)L(CH.),- C H-CHL,ON groups through all aon-
seminal and halt of the geminal -O{H) groups of the network (Fie. 10Y fower Eaver.
Bonding to geminal groups is uniikely on sterie grounds: reduced numbers of siline
sroups with bulky constitvents were found by Unger™ o bond o glass surbices
(Table V).
_ Fig 10 shows that this procedure beads to o surtace eflectively comprised of
tairly widespread cyano groups. Stationary phase molecules with cvano groups such



47

D GLASS CAPILLARY COLUMNS

ALLY MODIFIE

NICH

CHE

AN WSO A o

=1
'k

wafis pa

Sapea e

ERIHN

3

tudtoupiy

ST

14

Ipy0-

ALY

=

9

stin

™

L

rapatdasdipase-

Wi o

h

SO U LATSND
I parie sdpasd N

-

L

)¢

|

o

"y

t

ax

adul
N

'

i

o

Vi

AL $8L
Ak A

.

Jagep aaddn fon
[S/¥hiH .,_._:.,_:._:._ H
Y PRILL I

AT

(s ssind

Jadny
5 ARG U aTANL
[F e ] sy







CHEMICALLY MODIFIED GLASS CAPILLARY COLUMNS ’ : 49

S AN
—Si Si—
| I '
o] o}
I L
O/ \O . O/ \O
s o AN
St Si Si—ro
] ) }
| 1 |
N, N .
0\5{/0 O\SE/O
| l
IID‘ o]
_ L
N /
O\SE/O

as 2 ?.oxvdipropionitrile (upper layer in Fig_ 10) adsorbed on such a surface are thus
constrained to locations specified by the packing of like groups. Thus, the oriented
surface zones necessary for the formation of stable layers of a CDITlpatiblE phase on
chemically modified glass may arise. .

TABLE V

. 7 -— _
ESTIMATES OF NUMBERS OF SURFACE HYDROXYL GROUPS PER UWNIT AREA
(16~ ® m? = 100 ﬁr) O\I S[LIC-\ SURFACE

\f!etlmd 7 : Number per 10‘“’ nr Réjérer}ce

lsa!a.red mezl Tata!

Crvstal structure o 8 38
Model T . - 8 This work
*H,O exchange 25 25 =) 39
Gravimelry 6.8 3 (Etched glass)
Reaction with SiClg(CH,)g, TiC]., and BCI_; 14 3.2 . 4.6 - 40
Reaction with SiCl{CH;); o - 34 . 41
: Reactmn with SlCl,(CaHg} : 2.5 31
CONCLUSIONS

The previously suggested compatibility model for rationalizing wetting phe-
nomena in glass capillary columns has now been tested with a series of monolayers of
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(different structures and with Hquids of different polarities. Although contact anales
may be generally decreased through suitable surtace modifications, zers values (which
are the thermodynamic indication of an ideal wetting) are diflicult to achicve. This
study underlines the great importance of chemical simifarities between the surface and
the wetting liquids for the preparation of homogeneous films inside cvlindrical glass
tubes. It appears that the contact angle and the chemical compatibility interplay in
the wetting effect. The chromatographic efficiencies obtained with stationary-phase
films on suitably moditied monolavers give strong support to the high selectivity of
“tailored™ surfaces.

Consequently. stationary phases ot ditferent polarities can be effectively coated
mside giass capillaries. thus creating homogeneaous films of the order of 10~7 m thick.
~Compatibility™ of the surface and wetting liguid must stilf be understood in a broad-
er sense: the molecular mechanism of wetting may be attributed to quite complex
phenomena among which boundary-induced long-range order is particularly impor-
tant. and each matching of the “"tailored™ surfiuce and the wetting liquid should be
treated separately. A combination of surtitce roughness and seleciive chemical modili'—
cation appears necessary for inducing better adhesion of thicker liquid fifms'". Tem-
perature changes (e.g. temperature programming in gas chromategraphy) should
theoretically effect the film homogeneity®® less Yor a “tailored™ surface than for ordi-
nary heterogeneous glass. However. the validity of this prediction has vel o be verni-
fied experimentaily.

-\Cl\\O\V EDGE\IE\TS

This work was supported by the Grant No. GM-19232.02 of the National
Institute of General Medical Sciences. U.S. Public Health Service. We thank Ms.
Leora Medsker for technical assistance.

Several silapes used in this study were kindly supplied by Dr. K. Grohmann,
Division of Biology. California Institute of Technolegy, Pasadena, Calif.. U.S.A .. Lmd
Dr. W_ Parr. Department of Chemistry. Um\usmf of Houston, Texas, U.S AL

REFERENCES .

M. Novotny and A. Zlutkis, Chramatogr. Rev., 134 (1971) 1,
3. C. Guddings, Anal. Chem., 34 (1962) 458
AL Liberti, in AL B. Littlewood (Editor), Gus Chramatosraphy 1966, Institute of Petroleum. Lon-
don, 1967, p. 96.
M. Novotny and K. Tesafik, Clhromarograplic. 1 (1968) 332.
Al Novotny and K. D. Bartle, Chromatographic, 3 {1970y 272
AL Novotny and K. Grohmann. J. Cliramatoer., 83 (1973) 167,
K. D. Bartle, Angf. Chem., 45 (1973) 1831.
M. Novotny, L. Blomberg and K. D. Bartle, J. Chromenagr, Sei, 8¢
F. Fairbrother and A. E. Stubbs, J. Chem. Soc. ( Lowdon), (1935) 527,
Wo A Zisman, fmd. Eny. Cheni., 53 (1963) 18,
Wo AL Zeman, Advan, Chem, Sere,, 33 (1964) 1
f. Farré-Rius, J. Henniker and G, Guiochon, Neature ¢ Londonj. 196 (1962) 63,
‘E. F. Hare and W. A_ Zisman, J. Phys. Chem., 39 (1953) 335.
H. W. Fox, E. F. Hare and W_ A Zicman, J, Plhyvx. Chene., 39 (1955} 1097
I 1. Kirkland, J. Chromarogr. Sci,, 9 (1971} 206.
E_ W. Washburn, Phrs. Rev., 17 (1921} 374

[PPRT —

1970) 390.

el bk et p—
ua-ia'.-.l.l‘)-—O\cm--IO\Um-l-a

——
o



" CHEMICALLY MODIFIED GLASS CAPILLARY COLUNINS N 51

17 M. Novotny and K. D. Bartle, J. Chromarogr. 93 {1973) 403_ -

18 1. C. Henniker. Rev. Afod. Phys., 21 (1949) 3232

19 B. V. Dervaguin, Discuss. Faraday Soc., 42 (1966 109,

20 G. Peschel and K. H. Adlifinger, Z_ Natucforsch. A, 24 {1969) 1113,

21 G. Peschel and K. H. Adlfinger, Ber. Bunsenges. Phys. Chem.. T4 (1970} 351,

22 M. S, Metsik and Q. S, Aidanova. in B. V. Dervapun (Editor). Research in Smﬁuc Filmx. Consul-
tants Burcau, New York, 1965,

23 G. Peschel, Z_ Pliys. Chent, { Frankfure am Maie), 59 (1963) 27.

231 ). Frenkel, Kinetic Theorics of Liguids, Dover, New York, 19335,

- 25 K, H. Adlfinger and G. Peschel, Spec. Disctess. th:nfu! Suc., 1 {1970) 89,

26 C. D. Parlitt and E. Willis, J. Cofloid Tnierfoce Sci.. 22 (1966) 100,

27 B. V. Dervaguin. Diseuss. Faraduy Soc.. 32 (1956) 138,

28 ). R. Partington, An ddvanced Treatise oun Physical Chemistre, Vol. HI, Longmans, London. 1932,

29 J. H. Konnert, J. Karle and G_ A_ Ferguson. Scivuce. 179 (1973) 178,

30 Chemical Society Special Publications 11 @nd 18, London. 1959 and 1965,

31 K. Unger, Augew. Chem, Int. Fel. Fued., 11 (1972) 267, .

32 E. G Shafrin and W._ A Zisman. J. Plyx. Chem . 76 11972) 3339

33 E. R, Adlard, M. A. Khan and B. T. Whitman, in B, P. W. Scott [Editor), Gy (‘!;rnufn{nﬂr“p[n'
960, Butiernworths, London, 1960, . 231,

341 Tiowmermans, Phvosico-Chemical Coustanrs of Pure Orgunie € nurputll"/\ Elsevier, Amsterdam,
1950,

3 Hamdhook of Chemisory amd Plivsios, Chemical Rubber Pubh\hm" Co., Cleveland, OQhio.

6 M. Necasovd and K. Tesafik, 7. Cliromaroer . 79 11973) 15,

7 M. Gassiot-Matas, L. Q. Pascual-Calverns and A Serra-Macia, Chromatarraphic, 5 1197’)

¥ R KL ler, The Colloid Chemistry of Silivas and Sificares. (omdl Liniversity Press, [thaca, N ‘r

7-19\3

39 Vo Ya. Davydove L. T, Zhoravley and AL V. Kiselev, Z/. Fi-. kam.. 37 (IY63) B0,

40 C. Gl Armistead, AL L Tyler, . H. Hambleton, S, AL Mirchelt and J. A, Hockey. J. Pliys, Chenr,,

3 11U6Y) 3947,
41 R. F. Gilpin and AL F. Burke, e, Chem.,, 43 (1973) 13583,



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17

