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UNUSUAL TWO-STEP PHASE TRANSITIONS [N SPREAD MONOLAYERS 
OF CHLORO(DIMETHYL)(OCECYL)SILANE AT THE WATER SURFACE 
OBSERVED WITH BREWSTER ANGLE MICROSCOPY (BAM) 

KEN-ICHI IIMURA and TEIJI KATO 
Dcpartment of Applied Chemistry, Faculty of Engineering, Utsunomiya Univcrsity, 
Ishii, Utsunomiya 321, Japan 

,4tbLsmc3 Unusual two-step phase transitions of sprcad monolaycrs of chloro- 
(dimcthyl)(octadecyl)silane were studied by n-A isothcrm mcasurcments and 
Brcwstcr anglc microscopic observation, with varying temperaturc and timcs of 
obscrvation. It is found that thc two-step phase transitions appcar in a vcry narrow 
temperature rangc around 20 'C . The compression-cxpansion cycles of  thc 
monolaycrs dcmonstratcd that the transitions are rather revcrsible oncs. 

Rccently, the organized ultra thin films have attracted growing attcntion. ') Lngmuir- 
Blodgctt (LB) film is the reprcsentative onc of such films, and a precursor of LB film is ii 

sprcad monolayer at air/watcr interface. Thcrcforc, the phasc transition bchavior of thc 
monolaycrs has bccn studied extensively for fundamcntal undcrstanding of monolayer 
propcrtics to fabricate the dcsired film structurcs. ') Monolaycr properties are usually 
charactcnzcd by x-A isotherms at constant temperaturcs wherc the monolaycrs at thc 
air/watcr intcrface undergo various two-dimensional states 'as thc monolayer density is 
incrcased with comprcssion. It has been found that the monokaycr bchavior strongly 
depends o n  both temperature and time of observation 

Wc havc reported previously that x-A isotherms of the monolayer of chloro- 
(dimethyI)(octadecyl)silane (CDMOS) measurcd at 20°C show unique two-stcp phase 
transitions. 4, In this paper, the effects of changing experimental paramctcrs such as tcm- 
pcrature and tr,h o n  this phase transition bchavior were studied by x-A isotherms and thc 
BAM observation during compression and re-cxpansion. 

EXPERIMENTAL 

CDMOS (Tokyo Chemical Industry) was used as rcccived. Solutions of CDMOS in 
spectrogradc hcxane (Dojin Chemicals) were spread on the freshly prepared ultrapure watcr 
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88 K.-I. IIMURA AND T. KATO 

from thc Elgastat (UHQ-PS) system, and 
allowcd for 30 min before starting comprcs- 
sion. n-A isotherms were measured undcr TE 

the constant strain rate compression (constant 
time of observation). Both Langmuir trough 
and BAM wcre constructed in our laboratory, 
and details of thesc instruments were de- 
scribed clsewhere. 5v6) 
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RESULTS AND DISCUSSION 

Figurc 'I shows tcmpcraturc-dependencc of 
thc n-A isotherms of CDMOS monolayers 
measured under tub of 600 s. 
in our prev~ous paper, C D M ~  is hydrolyzed 
rapidly after spreading at the water surface. 4) 

8.1 0.2 0.3 0.4 0.5 0.6 

Molecular Area Nnm*rnoIec.-' 

AS dcscritxd FIGURE 1 Tcmperdture-de~ndenm of 
n-A isotherms of CDMOS monolaycrs 
mmsured under tub of ~0 S. 

It is apparent that thc two-step phase transitions appcar only at vcry narrow tcmpcraturc 
region around 20 "C. At both higher and lowcr tcmperature, the monolayers show thc 
isothcrms with only one-step phase trdnsition. However, thc so-callcd solid film wgions 
coincidc well cach other. The BAM imagcs always rcvcalcd that thc thrcc dirncnsional 
partial collapse structurcs havc alrcady startcd to grow in this region. 

Fig. 2(a) presents thc n-A isotherm of the CDMOS monolaycr mcasurcd at 17.5 'C 

under to, of 600 s, wd Fig. 2(b) shows BAM images observed in situ during compression. 
The points of BAM observation are markd on the isotherm. The isothcrm exhibits only 
one phase transition at this temperature, but we can observe the separatcd growing of two 

kinds of dcnsc domains. As shown in the image A, a number of circular domains around 
a hundred v m  diameter (b phase), surrounded by rathcr cxpandcd phasc (G phase), wcrc 
already obscrvcd bcforc starting compression. The b domains arc gathercd and dcforrned 
to fusc with compression as shown in the imagc B and C. Oncc the monolayer becomcs 
almost uniform at point D, nucleation and growth of thc sca)nd kind of domains (& phase) 
follow as seen in the image E and F. After the completion of thc sccond phase transition, 
thc monolayer looks uniform again at point G, from where two-dimensional solid statc 
starts. The image H shows thc collapsed structure. 

In Fig. 1, the isotherm at 20 "C exhibits two successive phase transitions that start at 
about 0.52 and 0.37 nm'molec:', respectively. Imagcs are not shown herc, but thc BAM 
observation reveals succcssivc growth of the 4 and L, phase domains in thc first and 
second transition region, respcctivcly, and the overlapping structurc that thc L, phasc 
domains begin to appear in the phase domains before the completion of the first step 
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UNUSUAL PHASE TRANSITIONS IN SPREAD MONOLAYERS 89 

40 

To csamine the rcvcrsibility of the phasc trans- bp.aooh 17.5% 

itions, comprassion-cxpansion cycles of the & 
z 30. 

CDMOS monolayer were Carried out at 20.0 "C. g 
Thc monolayer was compresscd up to 7 mNm-' at 
tclh of hOO s, and then expanded at the samc strain 
ratc, and this cyclc was repeatcd four timcs. 
Aftcr cach of thc cycle, thc monolaycr were 

k 

allowcd to stand for 10 min beforc starting ncxt B A 

(b) 
FIGURE 2 (a) n-A isotherm of thc CDMOS monolayer mcasured at 17.5 c iindcr 
to,, of 600 s. (b) BAM imagcs of the monolayer observed in-situ during comprcssion. 
(See Color Plate V). 
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90 K.-I. IIMURA AND T. KATO 

with each other. These facts indicate that the two-step transitions are rather reversible, and 
thcrcforc chcmical rcactions such as condensation among hydroxyl groups do not occur 
during the rneasurcmcnts of thc isothcrms under our cxpcrimental conditions. 

CONCLUSIONS 

Wc havc prcscntcd thc phcnomcnological rcsults on the vcry unusual phase transition 
bchavior of thc CDMOS monolaycrs using thc n-A isotherms and BAM observation. I t  is 
found that the two-step phase transition is vcry scnsitivc to tcmpcraturc, and it appcars at 
vcry ii narrow temperature range around 20 “c. According to BAM observations during 
thc systematic mcasurements of the isothcrms shown in Fig. I, it bccomcs clcar that thc 
two-stcp phasc transitions correspond to growth of thc phasc domains from thc L, phase, 
and that of the L, phase from thc phasc, rcspcctively. Thc cornprcssion- pansio ion 
cyclcs dcrnonstrated the reversible charactcr of thc two-stcp transitions. 

I t  is vcry difficult to cxplain quantihtivcly the molecular processcs occurring in thc 
phasc transitions by thc prescnt techniques. Howcvcr, wc arc now dcvcloping an 
instrument combined with BAM and a micro-ellipsometer, which can measure the changc 
of the thickness and the refractive index of a small area of the monolayer during 
comprcssion. This will make it possiblc to cxplain physical mcasuring of thc transitions. 
This is thc ncxt subject of thc study. 
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