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The effect of lateral intermolec니ar interactions among the adsorbate molecules has been incorporated into the theory of 
multilayer physical adsorption developed previously by the present authors within the frame of Bragg-Williams approximation 
and the resulting adsorption isotherm has been used to interpret the adsorption data of tetramethylsilane vapor on clean iron 
film which we failed to account for in our previous works. The result has shown that up to the point where the relative pressure is 
about 0.7 considerable improvement is obtained but beyond this point there still remains large difference between theoretical 
and experimental isotherm. Such difference is supposed to arise from the neglect of effect of vertical interaction between the ad
sorbate molecules and the adsorbent surface.

It is not clear at this stage which of two type of inter

molecular interactions stated above is more influential in the 

adsorption of TMS on the iron surface, and we feel that they 

must be investigated one after the other. Thus the objective of 

this paper lies in the elucidation of the effects of lateral in

teractions among the adsorbate molecules within the frame of 

Bragg-Williams approximation.4 The effects of vertical in

teractions between the adsorbent and adsorbate molecules will 

be studied later and published in a subsequent paper.

2. Theory

In accordance with our previous papers we write the adsorp

tion isotherm as follows:

xn y

3 = X +------ (i)
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1. Introduction

In two previous papers1,2, we have developed a modified 

version of the BET theory of multilayer physical adsorption3 

by assuming that a second or higher layer molecule is most 

likely to be adsorbed above the center of a square or triangular 

array of m이ecules, rather than on the top of molecules 

themselves as assumed in the BET theory, in the next lower 

layer and thereby have successfully derived a generalized form 

of the adsorption isotherm which can describe the Type I, II, 

and III adsorption over wide range of temperature and 

pressure. The derived adsorption isotherms have successfully 

been tested for various adsorbate-adsorbent systems and the 

authors have been sufficiently convinced that they are on the 

right track of pursuing a realistic model of multilayer physical 

adsorption.

Unfortunately, in our previous treatments, however, the ef

fects of lateral interactions among the adsorbate molecules 

and vertical interactions between the adsorbate and adsorbent 

molecules have not explicitly been taken into account, but only 

partly included in the average molecular partition functions, ql 

and q. Due to this the adsorption of tetramethylsilance vapor 

on clean iron film, in which the effects of such intermolecular 

interactions are expected to be substantial, h^ve been found to 

greatly deviate from theoretical picture predicted by the 

derived isotherm.

where co is the average number of adsorbate molecules per site 

on the adsorbent surface, x is the degree of occupation for the 

first layer, and y is that for the second and higher layer. Note 

that we have assumed the degree of occupation is the same for 

all but the first layer.

In order to evaluate x and y in terms of thermodynamic 

quantities we need to know the canonical partition function 

for the entire adsorbed phase as in the previous case. In the 

Bragg-Williams approximation the partition function for the
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z-th layer, 0, may be explicitly written as4
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where Mi is the number of sites available to the /-th layer 

molecules, Ni the number of molecules in the z-th layer, qi the 

average molecular partition function for an z-th layer molecule 

in the absence of lateral interm이ecular interactions, c and w 

respectively represent the number of nearest neighbor sites 

around an adsorbate molecule in a two-dimensional layer and 

the lateral interaction energy between a nearest neighboring 

pair of molecules, k and Tare, as usual, the Boltzmann cons

tant and the absolute temperature of the system, respectively. 

Then the canonical partition function for the entire adsorbed 

phase, Q, is approximately written as

Q = FI Qj (Mj, Nj, T).

1

0)

Furthermore, at equilibrium (d^/dco)x = -MA/kT [see Eqs.

(16) and (17) in reference 1], which gives us
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Since at equilibrium the chemical potential of the adsorbed 

phase,卩入 is equal to that of the vapor phase in equilibrium 

with it, we may write

As in the case of BET model, we will assume MA/kT = Mg /kT - In ? (10)

qi = q3

•In order to facilitate the derivation of equilibrium conditons 

from which x and y can be determined we introduce the func

tions 寸 and 寸，as in our previous works, defined by

⑸

whereis the standard chemical potential of the vapor phase 

(being assumed to be ideal) and g is the relative pressure, p/pQ 

In other words is the chemical potential of the saturated 

equilibrium vapor.

Equating Eq.(8) with E이.(9), we have

and

9 二-A/MkT

-In y +

nyZ

W = -MA/kT (6)

where A and p.A denote, respe어ively, the Helmholtz free 

energy and the chemical potential for the adsorbed phase and 

Mis the number of adsorption sites provided by the adsorbent 

surface.

Using the definitions of x and y [see Eq.(5) in reference 1], 

屮 may be rewritten as

1 ------------

1 + (n-l)y11 , 

"1

In (1-y) + In q

(11)

-)3 2y - --- ------- y2

、 l + (n-l)yn

For convenience, let
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Then, Eq.(ll) can simply be rewritten as

where 0 = cw/2kT.

At equilibrium (W/Ox), must be set equal to zero, since 

the free energy A is minimized. Thus, we can obtain from Eq. 

⑺

y
法 + (i-y)A eT

(15)
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Substitution of Eq.(8) into Eq.(l 1) can also yield the follow

ing relation:

"1nyEnXi
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Again, we let

B =----------- (17)

1 + (n-l)y11

and

S = 0(2x-By 고). (18)

Then, Eq.(16) can be simplified to

X = 法 + 으 (l-y)BeS (19)

%

Returning to the original notations, we finally obtain the 

following two relations from which x and y can be determinKl:

a|
y=----------- -----------------------------
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and

sorption compa호ed to the case of no lateral interactions. This 

conforms to our expectation since the presence of attractive

Figure 1. Theoretical adsorption isotherms for which n = 3 and q/qy 

-0.01

法 +?— (1-y) 1 + (『"exp으丄 (2x —兰——y2) 

2kT〔 1 + (n-l)yn 丿 

(21)

Eqs.(20) and (21) reduce to our previous results in the 

absence of lateral interactions, that is, when cw = 0. [see 

Eqs.(6) and (8) in reference 2]. To find theoretical isotherms 

we first calculate y from Eq.(20) by iterative method on digital 

computer for a given set of values of n, | cwt and a. Thus ob

tained y value is then substituted into Eq.(21) and again the 

iterative method is used to calculate x for a given set of values 

of £ q/财 nt cw, and a. [Eq.(20) has also a trivial 

solution, ] but this must be discarded.] Substitution of the 

values of x and y obtained by solving Eq.(20) and Eq.(21) into 

the adsorption isotherm given by Eq.⑴ can then yield the 

values of 3 for a given set of values of 专 q/%, n, cw, and a.

In Figure 1 throuh Figure 3 we have shown the calculated 

theoretical isotherms for various sets of q/q} and a assuming n 

=3 and cw/2kT= -0.1. Also, expected theoretical isotherms 

in the absence of later지 interactions (cw = 0) have been 

shown by dashed curves under the same set of conditions. 

From these we see that the presence of lateral interactions 

among the adsorbate molecules increases the amount of ad

Figure2. Theoretical adsorption isotherms for which n = 3 and q/q} 

-0.1
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Fig니爬3・ Theoretical adsorption isotherms for which n - 3 and q/qy 

= 1.0

lateral interactions among the adsorbate molecules in one layer 

increases the possibility of clustering of molecules in the same 

layer, thereby increasing the possibility of formation of more 

available adsorption sites for the next upper layer.

Figure4. Comparison between theoretical and experimental isotherms 

of adsorption of TMS vapor on clean iron film. Solid curve has been 

obtained by setting n = 3, q/q, = 0.01 f a = 0.8, and cw/2kT =-0.3 

while dashed curve corresponds to the case of〃= , 3, q/qy = 0.006, a 

= 0.95, and cw/2k7" = 0. Experimental temperature is 23.3 °C.

fourth-layer molecules and so on. This seems to be the reason 

why the theoretical curve shown in Figure 4 diverges rapidly 

above the point *5).7. The presence of strong vertical in

teractions will cause the molecules in the higher layer to be 

pulled down to the lower layer and force the latter layer to be 

more completed than otherwise, thus reducing the amount of 

adsorption. In fact we have already made some preliminary 

calculations including such vertical inetractions and the results 

looked quite promising. We intend to publish the more com

plete investigation of such effects in a subsequent paper.

In summary it may be concluded that for large molecules 

such as tetramethylsilane the effect of lateral intermolecular 

interactions among the adsorbate molecules plays an impor

tant role in their adsorption on a solid adsorbent surface in the 

low to medium pressure region.
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C4-Photocycloaddition of 5,7-dimethoxycoumarin(DMC) to 5-fluor^uracil (5-FU) was studied in frozen a디ueous solution. 
The major photoproduct was diagnosed and isolated by TLC and column chromatography. The structure of isolated 
photoproduct was identified as a C4-cycloaddition product of DMC and 5-FU by the characteristics of its UV, IR, NMR，mass 

spectra, elemental analysis, and photosplitting.

Introduction

Psoralens, naturally occurring coumarin derivatives in 

plants of the families Umbilliferae and Rutaceal, are known to 

photoreact with pyrimidine bases in DNA with near UV light. 

These biological effects have been attributed to this photoreac

tion.1,2

5,7-Dimethoxycoumarin(DMC) which has only one photo

chemical functional group (without the furan ring) in the 

molecule also intercalate with DNA and photobinds covalently 

to DNA bases causing the same biological effects as furocou- 

marins, unlike most other coumarins.3-5 Since DMC is as reac

tive as psoralens and since fewer photoproducts are formed 

due to the lack of bifunctionality compared to furocoumarins, 

the photoreaction of DMC with pyrimidine bases has been 

studied as a model reaction for the molecular basis of skin

photosensitization .The photoadducts of DMC to thymine6 

and thymidine7 were isolated by chromatography and 

characterized.

The incorporation of 5-fluorouracil(5-FU) into the RNA 

of tabacco mosaic virus sensitizes both the intact virus8,9 to UV 

light. The sensitivity is proportional to the incorporation of 

5-FU in place of uracil. The photosensitization by acetone or 

N-methyllutidone yields a C4-cyclodimer from 5-FU in 

aqueous solution.10

5-FU has been shown to be the most reactive among the 

pyrimidine bases tested- for photoreactivity with coummaryl 

compounds11 and highly active with DMC.6

To see the base specificity of psoralens and DMC in the 

photoaddition of the compounds to DNA and as a model for 

the photosensitization of psoralens, the photoaddition reac

tion of DMC to 5-FU is studied.

Psoralen 5,7-Dimethoxycoumarin 5-F1uorouraci1

Experimental

Materials. DMC and 5-FU obtained from Aldrich chemicals 

gave only one spot on the silicagel thin layer chromatogram. 

Kieselgel G (Typ 60) and Kieselgel GF 254 were used for 

silicagel thin layer chromatography (TLC). Kieselgel 60 

(Merck, 230 mesh) was used for column chromatography. 

Other common solvents were from Wako Chemical Company 

and used without further purification.

Spectroscopic Measurements. UV spectra were measured on 

a Cary 17 spectrophotometer and IR spectra were recorded in 

potassium bromide pellets on a Perkin-Elmer Model 267 

grating spectrophotometer. NMR spectra were measured on a 

Varian T-60A spectrometer against tetramethylsilane internal 

standard in perdeuteriated pyridine solvent. Mass spectra were 

determined with Hewlett Packard 5985 A GC/MS system. 

Fluorescence spectra were recorded on an Aminco-Bowman 

spectrofluorometer with Aminco-XY-recorder. Elemental 

analysis were carried out at ADD with a C.H.N. analyzer.

Irradiation Apparatus. Irradiations were carried out in a 

Rayonet Photochemical Reactor (The Southern New England


