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Discrimination of Chiral and Racemic 
Phospholipid Monolayers by 

Maxwell-Displacement-Current Measurement 
Technique 

MITSUMASA IWAMOTO and CHEN-XU WU 

Department of Physical Electronics, Tokyo Institute of Technology, 
2-12-1 0-okayarna, Meguroku, Tokyo 152-8552, Japan 

The Maxwell-displacement-current measurement (MDC) and surface pressure of chiral and 
racemic phospholipid [a-phosphatidylcholine dipalmitoyl (DPPC)] monolayers at the 
air-water interface by monolayer compression were performed. It was found that some criti- 
cal MDC peaks were generated with different amplitude and sign depending on the chirality 
of the phospholipids in the plateau region. This anomalous MDC generation is theoretically 
interpreted as the molecular twist-conformation transition induced by monolayer compres- 
sion. 

I" 

Usually phospholipid [a-phosphatidylcholine dipalmitoyl (DPPC)] molecules am re- 
ferred to as c h i d  due to the lack of the mirror plane symmetry. They csn &ow 

a variety of structures in the bulk of aqueous edutiom, and their thermodynamics 

and in tmagpga te  forces in bulk of solutions have been extensively investigated. 

Lunquist' found that for monolayem of Zalhos and certain derivative racematee, 

pure enantiomers form different crystal-like phases. However, the d e  of the chirality 

of the amphiphilea in the structure multilicity has not been studied dearly. Since 

monolayem at the &water interfaca show some diflerent phaaea during monolayer 

comprwsion and can reveal more information on the molecular conformation than 

in bulk, it is pcmible to examine the phys idemica l  properties and the molecular 

conformation of chid  and racemic compounds in the monolayer state by monolayer 
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142 MITSUMASA IWAMOTO and CHEN-XU WU 

compression using Maxwell-displacemenkcemenecurrent measurement technique? 

EXPERIMENT 

Figure 1 shows the schematic of our experimental setup, which is similar to that used 

2 

X - p H  7 Y - - , L H  
X 

D-DPPC L-DPPC 4 
Barrier Electrode 2 

FIGURE 1 Schematic diagram for molecule DPPC (above) and experimental aetup 

(below). 

in our previous study.l The monolayera of DPPC formad on the water surface were 

compressed with two floating barriem at a constant barrier velocity of 40 mm/min. 

Figure 2 shows the typical experimental regults of the measurement for four samples. 

As shown in Fig. 2, the A - A isotherms of these four samples are almost the same 

function of molecular area A containing nearly the same pressure plateau in the range 

of 65 to 85 Az of molecular area at a temperature of 20°C. The latter wm d y  r s  

ferred to twdimensional(2D) phase transition region from the expanded monolayer 

to condensed one. h m  the present A - A measurement it seem8 that the mentioned 

phase transitions are obviously independent of the chirality of the molecules com- 

posed in the monolayem. Howew, the result of measurement in MDC shown in 

Fig. 2 above r e d  that although the main shapes of the MDC viewed 88 a hndion 
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DISCRIMINATION OF CHIRAL AND RACEMIC ... 143 

FIGURE 2 A - A isotherms (below) and corresponding Maxwell displacement cur- 

rents (above) measured in four DPPC monolayers composed of pure LDPPC, P L  

DPPC, and mixtures with molar ratios of D:GDPPC=l:l, 3:1, respectively. 

of the molecular area A are roughly similar for the four samples of DPPC, there 

exist some essential differences between them: The mmt striking characteristic is 

the generation of MDC peak which a p p m  in the beginning of the preseumplateau, 

A = 85 Aa, with different amplitude and sign for the four examples. h m  the view 

point of molecular level, the four examples of the DPPC monolayers differ only from 

their chirality: DLDPPC is racemic, LDPPC and DDPPC both are chid with 

different optical activity. Therefore, the mentioned MDC peak should r e d  some 

molecular conformation change relating to the molecular chirdity.This anomalous 

MDC generation may be of significant help to understand the chiral discrimination 

from molecular conformation level. 

CALCULATION AND DISCUSSIW 

As chiral PCL molecules must be lack of the mirror plane symmetry, the dipole 3 
is not located in the molecular long axis but it is in a cylindrical surface (Fig. 3), 

i.e., describing in the molecular frame as 
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144 MITSUMASA IWAMOTO and CHEN-XU WU 

FIGURE 3 Sbtch of rodlike molecular model for PCL monolayera at  the air-water 

muface. The cylinder repmeats the molecular long-axis and the side dipole flanking 

the cylinder with polar angle 0, and twist angle 4,. The latter aervea to describe 

the chirality of the molecules: 4, = 0 and r for recemic, otherwise for chiral. 

where z,, is along the molecular long axis. Besides an angle 0, (0 5 0, 5 r )  away 

from t, it is ~ ~ ~ ~ u m e d  that the dipole is not in the plane of v,, = 0, but with a tilted 

angle 4, to it (0 5 4 5 IS), i.e., in the molecular frame 

F’/P = (sin 0, a38 4,, sin 0, sin 4,, c(38 0,) (2) 

It beaSy to Check that 4, # 0 IEpremnb the chirdity and 4, = 0 and S mean 

racemic s t a h  with biaxiality odering? In the cam of 0, = 0 and 0, = S, Eq. (2) 

reduces to the simplest uniaxial symmetry.3 Other geometry of the mnolayer com- 

posed of the dipolar molecules is the same an that in Ref. 3, an illustrated in Fig. 3 

The average orientation direction of the molecular long axie is upright to the wster 

muface and referred to direction of the laboratory frame. It is then obvioua that the 

molecular orientation is confined in the raqp of 0 5 (see 
Fig. 3) due to the effect of hard-core intermolecular repulsive force aforking among 

molecules, where /3 is the angle between ?’ and the molecular long exis, A,, = np, 1 

is the partial length of the molecula along their long sxis above the water surface, 

and A is the mean molecular are%. Besides the repulsive force, the distribution of 

@(A) = m i n  
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DISCRIMINATION OF CHIRAL AND RACEMIC.. I45 

p is also affected by the attractive Coulomb force working from the image of the 

molecular dipole in the bulk water, i.e., the interaction energy is' 

where c,,, and c, ~IE the dielectric constants of monolayer and the water, respectively, 

to is the permittivity of free space, eL is the angle of the dipole dmt ion  from 

z , and d = rocceO' is the distance of the dipole above the water surface, hence, 

ro =( 3 (= d m  and O' is the angle between -i' and the direction of the position 

vector of the dipole 3. 

t 

To describe the apparent relations of both 8, and # with the geometry given in 

Fig. 3, we introduce the relationship between the molecular frm = (z,,, y,,, zlr) 

and the laboratory one T' = (z,y,z) with Euler angles (a,p,r) defined ea the 

convention in' 

(4) 
+ 
r = R ( a , P , r ) .  t;' 

where 3 x 3 matrix R(a,P,r)  is the usual Euler rotation matrix (see Eq. (3) in 

Ref. (10bI). From &. (4) we have in the molecular frame 

(5)  
* 
I / z  = (-sinpsinr, -sinpccer,cosp) 

and obtain from Eqs. (l) ,  (2), and (5 )  

+ 
= ( - i ' / z ) . ( P / p ) =  -sinBDsinpsin(r+~D)tcoseocosP (6) 

roccsO' = S ' ( ( t / z )  = - a s inPs in r t  hcarp. (7) 

Substituting Eqs. (6) and (7) into J?q. (3) yields the apparent expression for intern- 

tion energy, and using the Onsager approximation6 

e - W ~ ~ ~ ) ' k T  = 1 - ~ ( p , r ) / k ~ ,  (8) 

we can calculate the average molecular dipolar moment in f direction 
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146 MITSUMASA IWAMOTO and CHEN-XU WU 

whem k is the Boltzmeinn constant, T is the temperature, 9 = Po[(% - e,,,)/(c,,, + 
e,,,)]/32ng$kT, ten+ = h/o, and ccsa = ms+/me(A). It is now cleat that 

the molecular twiseconformaton transitions of 4~ (0 < 4~ 5 ff /2)  to ff - 4~ or 
4~ ( k / 2  5 4~ < 2ff) to 4~ - ll ham to indm the gIB& Change Of (p,), benca the 
MDC peak occum at the critical area independeat of the racemic or chid eocamples. 

This ia in good agrwmnt with experiment as shown in Fig. 2 above. 

On the other hand, for certain axamples the valuee of both 4~ have to be de 

termined by their chirality, 80 the anomalous MDC peaks have different amplitude 

and sign. Roughly epeekine, the amplitude of the MDC peak for the transition b e  

t m  both m d C  8 W d 4 ~  = 0, ff Should be the krgestdueto I 6 - 4 ~  I= 2 

being mwimel for the change of I dcced~ I. "his is dm oonfirmpl by the MDC 

peak of the DGDPPC monolayer given in eqmiment (Fig. 2 above). Brietly, we 
can estimate that the MDC change Bowing through the circuit due to the molecular 

twistconformation transition in apprmdmstely dated to qsinOo, from the chiral 
&t on (P,) explicitly e x p d  in factor [the last term in Q. @)I. This 
r e . h  that the larger the interaction (which is proportional to r]) is, the mom etrik- 

ing the molecular twistamformation transition will be. 

CONCLUSION 

h the above discussion, we ahow that the generation of the MDC fmm rnceanic 

and chid monolayers can reveal the molecular t--tion transition. The 
tramition-indumd MDC peak can mrw to damt ion  of the moleculer etructureu. 

This may have signiacance in biology, chembtry, and physics. 

References 
[l]  M. Lundquist,Arkiv. Kern. 17, 183 (1960). 
[2] X. Xu and M. Iwamoto, Jpn. J. Appl. Phys. 36,237 (1997). 
[3] A. Sugimura, M. Iwamoto, and Z .  C .  Ou-Yang, Phys. Rev. E 50, 614 (1994) ; ibid. 54, 

6537 (1996). 
[4] J. N. Israelachvili, Intermolecular and Surface Forces (Academic Press, New York, 

1985). 
[5] L. Onsager, Ann. N. 1: Acad. Sci. 52, 627 (1949). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

46
 1

6 
A

ug
us

t 2
01

2 


