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F'TZR STUDIES ON PHASE TRANSITIONS OF N- 

OCTADECANOYGL-ALANINE AND ZINC 

OCTADECANOYL-L-ALANINATE LB FILMS 

BEY WORDS: Variable temperature FTIR, N-OctadecanoyLbalanine, Zinc, 

Hydrogen bond, Phase transition. 

Xuezhong Du, Bo Shi and Yingqiu Liang* 

Depariment of Chemistty, Sute Key Laboratory of Coordination Chemistry, 
Nanjing University, Namjing 21 0093, P .  R .  China 

ABSTRACT 

The phase transitions of N-octadecanoyl-L-he and zinc octadecanoyl-L- 

alaninate LB films have been investigated through variable temperature Fl7R 

spectroscopy. Hydrogen-bonding interactions between the enantiomeric head- 

groups strengthem the interactions between the alkyl chains so that the transition 

temperature of the Ilr-octadecanoyl-L-alanine LB film (T ,  = 122 "C) is nearly 

hvice as high as that of thc same-chain-length stearic acid LB film (Tc = 65 "C). 

* lo whom correspondence should be addressed. 
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2 DU, SHI, AND LIANG 

The intermolecular hydrogen-bonding interactions in the zinc octadecanojd-L- 

alaninate LE3 film are greztly intensitied in comparison to that in the AT- 

octadecanoyl-Jd-ale LB film: the relatively weak hydrogen-bonding interaction 

in the latter is eas& disrupxd around ih tranSitioii temperature (r, =- 122 “C) 

together with an abrupt increase of va(CHz) stretching frequency, while the 

intensified intermolecular hydrogen-bonding interaction in the former weakens 

step by step with temperature along with a monotonic increase of v,(CH2) 

s t r e t c h  frequency, the zinc octadecanoyl-L-alaninate LB film thus exhibits a 

different phase behavior fiom the pure enantiomer LB film. Therefore, the 

strength of the mtermolecular hydrogen bond is closely related to the interchain 

interaction and the film phase behavior. 

1. INTRODUCTION 

The pnvious paper reports the chirality of the N-octadecanoyl-L-albtline LB 

film in which the chird molecules assemble regularly to dewlop an extended 

intermolecular hydrogen-bonding network. The hydrogen-bonding effect 

strengthens the interchain interaction and results in a dense chain p a c k  

accordmgty.’ Phase transition is one of fundamental physicockemid properties of 

LB films, thus it is slgruficant to study the influence of hydrogen bond upon the 
phase behaviors of the films. In the present work, variable temperature FTIR 

spectroscopy is employed to investigate the phase transitions of 1 1-monolayer N- 
octadecanoyl-L-alanine and zinc octadecanoyl-L-alaninate LB mmS. The 

intermolecular hydrogen-bonding interaction increases the transition temperature 

of film, and a fiuther intensified hydrogen-bonding interaction leads to the 

Occurrence of a different phase behavior. 

2. EXPERIMENTAL 

The synthesis of N-octadecanoyl-L-alanine sample WG. I (a)] and the 

fabrication method of 1 1-monolayer Y-type LB films fiom pure water and ZnZ+- 
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FTIR STUDIES ON PHASE TRANSITIONS 3 

FIG. 1. Chemical structures of amphiphiles, (a) N-octadecanoyl-L-alanhe, and 
(b) stearic acid. 

con- subphases were the same as those described previously.' The pH 

values of pure water and Zn2+-containing subphases were - 6.0 and 6.8, 

respectively. The film was deposited at a fixed surface pressure 40 mN!m. 

FTIR spectra were recorded on a Bruker IFS 66V spectrophotometer 

equipped with a DTGS detector. The infrared spectra were obtained by collecting 

1000 scans at a resolution of 4 cm-'. The film spectrum was obtained by 

subtraction of the CaFz spectrum from the sample spectrum. Before the 

measurement of the film spectra at elevated temperatures, the Wm-deposited CaF, 

plate was mounted on a SPECAC heating cell, and the temperature control was 

achieved by a copper-constantan thermocouple with an accuracy of & 1 "C. After 

the sample was heated to the desired temperature, 15 min was spent for a thermal 

equilibration, then the temperature-dependent film spectra were recorded. 

3. RESULTS AND DISCUSSION 

3. I .  FTIR Characlerization of N-Octadecanwl-L-alanine and Zinc 

Ociadecanavl-L-akminate LB Films 

FIG. 2 shows the FJ3R spectra of 11-monolayer N-octadecanoyl-L-alanine 

(a) and zinc octadecanoyl-L-alaninate (b) LB films in the regions of 3400-2800 

and 1800-1100 cm-*. In FIG. 2 (a), two strong absorption bands at 2918 and 
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FIG. 2. FTIR spectra in the 3400-2800 and 180&1100 cm-' regions of 11- 
monolayer LB films of, (a) N-octadecanoyl-L-alanhe, and (b) zinc octadecanoyl- 
L-alaninate. 

2850 cm-I are assigned to the ant;sUmmetric and symmetric CH, stretching 

vibrations [va(CHz), v&Hz)] re.sp&&, indicating that the altyi chains m the 

film take highly ordered all-trans confo&on~.~ A Singlet at 1472 cm-' is due to 

the CH, scissoring mode [4CH2)], which is very seflsitive to the inkrchain 

intera~tion.~  his peak position indicates that the *I chains take a triclinic 

subcell structure where the chains are packed in parallel arrangement.' A weak 

band at I415 cm-' is attributed to the bending modes of the C,H, groups adjacent 

to amide groups' and the C,.H groups relevant to the ch id  centers [seen FIG. 1 

(41. 
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FTIR STUDIES ON PHASE TRANSITIONS 5 

The 1705-cm-' band is assigned to the C=O s t r e t c h  vibrations of 

carboxylic group dimers.,' A series of absorption bands in the 1300-1100 cm-,' 

region are due to the CH2 band progression arising from the CH, wagging 

vibrations [w(CH2)] of the trans hydrocarbon chains.' The presence of the band 

progression as well-resolved peaks is a clear indicator of close packmg of the alkyl 

chains in the Nm. It is known that in the steaxic acid LB film the coupled mode of 

C-0 stretclung and 0-H in-plane bendmg vibrations [v(C-0) + qO-H)] is 

positioned at approximately 1300 cm-,',6 but due to the effects of amide groupe 

and chiral carbons OR the carboxylic groups, the corresponding band shifts to 

1252 cm-,' in the N-octadecanoyl-L-alanine LB film. In FIG. 2 (b) for a zinc N- 
octadecanoyl-L-alaninate LB film, the disappearance of the 1252-cm-' band 

implies that the band assignment is reliable. 

In FIG. 2 (a), three absorption bands at 3324, 1646, and 1538 cm-' are 

assigned to amide A [v(N-H)], amide I [>.(C=O)], and amide II [m-H)] bands, 

respectively,,' and a very weak peak around 3050 cm-' is due to amide B band 

arising from first harmonic of m-H) mode.' In case of the unassociated state, 

the v(N-H) frequency appears around 3450 cm-', and the amide band at 1510 

crn-,'.' Generally, the v(N-H) frequency lower than 3330 cm-,' indicates that the 

amino acid residues in the amphphiles are engaged in hydrogen bond.g The atnide 

A [VOIJ-H)] and amide II [4N-H)] band frequencies in FIG. 2 (a) shift 

respectively to lower and higher wavenumbers as compared with those m the 

unassociated state, which mggests the occurrence of the hydrogen-bonding 

interactions between the chiral heawoups in the film. The exranhme~ 

ampbiphiles arrange regularly in a defhite direction, and the neighboring 

molecules twisf each other to develop the chirality of two-dimensional aggregate.' 

FIG. 2 (b) is the FTIR spectrum of the zinc octadecanoyl-L-ate LB Nm 
deposited &om Znz+-containing subphase. Compared with FIG. 2 (a) in the same 
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6 DU, SHI, AND LIANG 

region, the 1705-cm-' C=O stretching band of the carboxylic acid h e r s  

completely disappears, instead, a very strong band at 1556 cm-' occurs and is 

assigned to the antisymmetric carboxylate stretching vibration [v.(COO)]. 

Accordmgly, the V(N-H) peak position is shifted down to 3310 cm-' in 

comparison with the 3324 cm-' position in the octadecanoyl-L-alane LB film, 

and amide B band (first harmonic of N-H in-plane bend) is shifted up to 3075 

Gin-' from 3050 ut-'. These changes indicate that the hydrogen-bonding 

interactions between the zinc octadecanoyl-L-alaninate moIecules are greatly 

intensified. Atthe same time, the vs(CH2) kquency is reduced to 2848 cm-' from 

2850 cm-' along with the increased v(CHz) band intensities, indicative of a tight 

packing arrangement of the alkyl chains. This indicates that the enhanced 

interactions between the hydrophilic headgroups can improve the assembly 

features of the corresponding hydrophobic chains. 

Two bands with comparable intensities are overlapped in the 147&1450 

cm-' region in FIG. 2 @), and the corresponding second derivative spectrum 

shows that the two peaks are positioned at 1468 and 1458 cm-; respectively (not 

shown). The 1468-cm-' singlet band is due to the CH2 scissoring vibration, 

indicating that the alkyl chains take a hexagonal subcell packing in the salt f0w3 

and the other band at 1458 cm-* is attributed to the symmetric carboxylate 

stretching vibration [v#XK))] ,  which is consistent with the assignment of the 

vc(COO) band (1456 cm-') of solid zinc acetakg The spectral featurtx of the film 
here is similar to those of the cobalt stearate LB film, where the v&DO) and 

4CHz) bands were positioned at 1456 and 1468 cxn-', the aky l  chains took the 

hexagonal subcell packing with the chain perpendicular to the film n o d . ' "  This 

indicates that the Zinc octadecanoyl-L-alaninate film possesses a comparable 

structure to that of the cobalt stearate film, ie., Znz+ ions enter into the dimw 

rings of carboxylic acid groups. The electrostatic interactions between a''' 
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FTlR STUDIES ON PHASE TRANSITlONS 7 

ions and carboxylates an stronger than the interaction in the carboxylic acid 

dimers, thus gbing rise to an enhanced hydrogen-bonding interactions between 

the amide groups. 

The above results indicate that the hydrogen-bonding mteractions between 

the headgroups m the salt form are enhanced due to the condensation effect of 

Zn2' ions, which rcsdts m intensified interactions bctween the alkyl chains. 

The chain paclung is transformed from the triclinic subcell containing a mgle 

enantiomer to a hexagonal one containing a complexed molecule. These structural 

changes would give ike to the variation of the fundamental physicochanical 

properties, such as phase transition, of LB fhs. 

3. 2 Variable Temperature FTIR Spectra dh'-OctadecanwI-L-alanine LB Film 
FIG. 3 shows the variable temperature FTIR spectra of a 11-monolayer N- 

octadecanoyl-L-alanine LB film in the C-H stretching region at elevated 

temperatures (30-130 "C). Two strong bands at 2918 and 2850 cm-' in the 

spectrum of 30 "C are due to the v,(CH2) and v,(CH2) respectively. The two band 

frequencies almost remain unchanged up to 110 "C with tempera-, then 

increase abruptly to 2924 and 2854 a-' in the temperature range 120-125 "C, 

and nearly keep constant above 125 "C. The v(CH2) frequencies are sensitive to 

the conformations of hydrocarbon chains,' the values of 2918 and 2850 an-' for 

the v,(CH2) and v,(CH2) bands are characteristic of the all-trans conformations of 

highly ordered -1 chains, and the values of 2924 and 2854 cm-' are indicative 

ofaliquid-cqdhe state with the population of gauche conformations. 

Simultaneously, the vI(CH2) band intensity decreases gradually together with a 

broadened bandwidth, and the intensity reduces remarkably m the temperatun 

range of 120-125 "C while the bandwidth broadens progmshdy. Previous 

research pointed out that the v(CH2) bandwidths reflected the mobitity of the 
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8 DU, SHI, AND LIANG 
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FIG. 3. Variable temperature FTIR spectra in the 3000-2800 cm-' region of 11- 
monolayer the N-octadecanoyl-L-alanhe LB film. 

alkyl chains" and the decrease of intensity was attributed to the loose packing of 

the hydrocarbon chains and increased disorder of chain confonnation~.'~ The 

temperaturedependent fkequency change of the v,(CHz) band, together with the 

bandwidth and integrated intensity changes agakt  temperature are plotted in FIG. 

4, the temperature corresponding to the middle point between tughest and lowest 

values of the vn(CH2) frequencies reflects the order-disorder transition 

temperature, approximately T, = 122 OC. Compared with the va(CH2) frequency 

change, the v,(CH2) integrated intensity shows a concomitant and opposite 

change, but the bandwidth exhibits a progressive increase with temperature. 

Below T,, the alkJ.1 chains in the film take h&ly ordered all-trans conformations, 

the increase in temperature gives rise to an enhanced molecular thermal motion 
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FIG. 4. Temperature dependence of the fi-equency(O), bandwidth (0), and 
mtegrakd intensity (0) of the vACH2) band in the FTIR spectra of the N- 
octadecanoyl-L-alanine LB fiIrn. 

which increases the chain mobility, and the population of guuche conformations 

which decrease the density of chain packing, h a w  leads to the order-disorder 

phase transition of the Nm. 
FIG. 5 shows the variable temperature FTlR spectra of band progression 

arising from the CH, wagging miations of the truns hydrocarbon chains. A series 

of absorption bands overlapped with the coupled mode of C-0 stretching and 0- 

H in-plane bending vibration appear in the spectrum of 30 O C ,  indicating the close 

packing of the hydrocarbon chains. The intensities of band progression decrease 

grad* with temperature resulting fiom the introduction of gauche 

conformations in the chains. A simple model was proposed to evaluate the 

conten& of g m h e  conformers fiom the decrease of band intensity.’’ Around T, 
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10 DU, SHI, AND LIANG 

w m  

2 5  - 
*? 
c 

Y .- 2 2 - b  = o  

-z I 3OoC 

B 

mm 0 

s 
0 I I I I I 

1350 1325 1300 127s 1250 1225 1200 1175 1150 
Wavcnumkr cm" 

FIG. 5. Variable temperature ETR spectra in the 1350-1150 cm-' reg-m of the 
N-octadecanoyl-L-alanine LB film. 

(122 "C), the band progression nearly disappears, the increasing population of 

gauche conformers in the chains leads to the occurrence of the phase transition. 

FIG. 6 shows the variable temperature FTIR spectra of the N-octiulecanoyl- 

L-alanine LB film in the regions of 3400-3250 and 1-1350 cm-'. The arnide 

A band [v(N-H), 3324 Cm'] takes a downshift to 3332 cm-I, and the amide II 
band [@+€I), 1538 cm-'1 does M upshift to 1533 cm-' at 120 OC, dong with a 

gradual decrease of intensities, and above T,, neither of both bands is discernibte. 

These changes indicate that below T,, the increase in temperature gives rise to a 

weakened hydrogen bond as well as an mcreased disorder of chain conformations. 

As seen from the amphiphilic structure of FIG. 1, the fact that the transition 

temperature of the N-octadecanoyl-L-alanine LB film (122 "C) is far lugher 
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FTIR STUDIES ON PHASE TRANSITIONS 11 

FIG. 6 Variable temperature FTIR spectra of the N-octadecanoyl-L-alsnine LB 
film in the regions of, (a) 3400-3250, and@) 1600-1350 cm-I. 

than that of the same-chain-length stearic acid LB film (65 OC)14 origjnd~frorn 

the chiral effect of enantiomem' and the hydrogen-bonding interactions between 

the hydrophilic headgroups. The hydrogen-bonding interactions between the 

headgroups enhances the interactions between the hydrophobic akyl chains 

accordingly. In FIG. 6 (b), the 1472-cm-' singlet at 30 "C, indicative of a triclinic 

subcell chain packing' shifts down to 1468 cm-' at 120 O C  along with the 

decreased intensity and broadened bandwidth, and finally disappears above T, 

(122 "C). These changes indicate the chain packing is transformed from the 

tr ickc subcell to a hexagonal subcell, then to a liquid-like phase. However, the 
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12 DU, SHI, AND LIANG 

frequency of the C,H2 and C,.H bending modes nearly remains unchanged 

(around 1415 cm-') with temperature besides the reduced intensity. 

3. 3 Variable TernDerature FTIR of Zinc Octadecanwl-L-alaninate LB Film 

FIG. 7 shows the temperature-dependent FTIR spectra of a 11-monolayer 

zinc octadecanoyl-L-alaninate LB film in the various regions of (a) 3400-3200, 

(b) 3000-2800, (c) 1600-1500, and (d) 1500-1425 cm-'. The intermolecular 

hydrogen-bonding interaction in the zinc salt is enhanced as compared to that in 

the acid form In FIG. 7 (a), the V(N-H) frequency shifts gradually to a higher 

wavenumber together with a diminished intensity, which indicates that the 

intermolecular hydrogen bonds dissociate progressively with temperature. At the 

same time, the v,(CH2) and v,(CH2) stretchmg bands also exhibit similar changes 

to the v(N-H) band; below 110 "C, the magnitude of the increase m v(CHJ 

frequencies is little, and above i t  the band fkquencies increase gradually with 

temperature. From the discussion in Section 3. 2, the hydrogen-bonding 

interactions between the headgroups s i m u l ~ e o u s ~  enhance the interchain 

interaction. The relatively strong hydrogen-bonding interaction m the zinc salt LB 
film is weakening with temperature, and the v(CH2) ffequencies take a 

comparably gradual increase. 

In FIG. 7 (c) and (d), the v.(COO) and v,(COO) band intensities decrease 

~4th temperature, however the corresponding frequencies remain constant at 15 56 

and 1458 cm-'. No slgruficant temperature dependence on the v,(CoO) band 

fiequencies below the melting point was observed for metal salts of some f a q  

acids.'' In FIG. 7 (d), the qCH,) frequency graduaUy shifts to a lower 

wavenumber from 1468 cm-' along with a decreased intmsity so that the band is 

submerged by the v,(COO) band. This change process indicates that the chain 

packing is transformed from hexagonal subcell structure to a liquid-likc state. 
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FTIR STUDIES ON PHASE TRANSITIONS 13 

. . .  
3350 3300 29% 2900 28% 1575 15% 1525 1475 1450 

WNaUUnbUaIl' 

FIG. 7. Variable temperature FTIR spectra of the 11-monolayer zinc 
octadecanoyl-~-ahinate LB film in the @om of, (a) 3400-3200, (b) 3OOO- 
2800, (c) 1600-1500, and (d) 150-1425 an-'. 

l'o gain an insght into the difference in the phase behaviors of the N- 

octadecanoyl-L-alanine and zinc oc tadecanoyl -L-ae  LB films, FIG. 8 shows 

the v,(CH,) and v(N-H) &equency change# of the two films against texnperahm 

together with the v,(CH2) fiequency change of the stearic acid LB f h  previously 

reported14 for comparison. As seen from FIG. 8, there are abrupt increases of 

v,(CH2) frequencies (curves a and e) in the both N-octadecanoyl-L-alaninlaninc and 

stearic acid LB films around their respective transition temperatures, and the 

similar phase behaviors take place for the two films. But below the respective 

transition temperatures, the vACH2) fkequency of the stcaric acid film (e) keeps 

unchanged with temperature, which indicates the characteristics of the interchain 

interaction. In the N-octadecanoyl-L-alanine film, the intermolecular hydrogen- 
bonding interactions between the headgroups enhance the interactions between 
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14 DU, SHI, AND LIANG 
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4 - 3315 a 

I I I 3310 
150 200 2SO 
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FIG. 8. Temperature dependence of the fi-equencies of, v.(CH2) (m, a), and v(N- 
H) (0, b) in the N-octadecanoyl-L-alanhe LB &, v,(CH2) (0 ,  c), and 4N-w 
(0, d) in the zinc octadecanoyi-L-alaninate LB film; and v.(CH2) (+, e) in the 
stearic acid LE3 film from ref 14. 

the alkyl chains; heating results in a gradual dissociation of hydrogen bond (b) 

together with a weakening interchain interactim thus the v.(CH2) fkequency takes 

a slow m c m e  trend (a), and around thc traosition tunperatwe, the hydrogen- 

bondmg intexaction is almost disrupted and a remarkable change m v.(CHt) 

frequency (a) is observed. The transition temperature of the N-octadecawyl-L- 

alanine LB film (122 "C) is far higher than that of the stearic acid LB film (65 

OC)," which is because the extended hydrogen-bonding interaction between 

the enantiom& headgroups results m an enhanced intwxtim between the allryl 

Chains. 
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FTIR STUDIES ON PHASE TRANSITIONS 15 

But in the Zinc octadecanoyl-L-alaninate LB film, the intermolecular 

hydrogen-bonding interaction is further intensitied, the interchain interaction 

induced by the hydrogen bond thus plays a dominant role in determining the 

phase behavior of the film. The intensified hydrogen bond takes a stepwise 

dissociation over a wide temperature range (d), and the corresponding v.(CH2) 

frequency displays a monotonic increase (c) with temperature, leading to the 

occurrence of a different phase behavior. As a consequence, the intermolecular 

hydrogen-bonding interaction can not only increax transition temperature and 

improve film stability, but also alter phase behavior in case of an intensified 

interaction. 

ACKNOWLEDGMENT 

This wok was k a n c d y  supported by a major research project grant from 

the State Science and Technology Commission of China. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

REFERENCES 
Du X., Shi B., Liang Y. Langmuir 1998; 14: 3631. 

Snyder R.G., Hsu S.L., Krimm S. Spectrmhim. Acta Part A 1978; 3: 
395. 

Snyder R.G. J. Mol. Spectrosc. 1961 ; 7: 1 16. 

Hayashi S., Umemura J. J. Chem. Phys. 1975; 63: 1732. 

Rabolf J.F., Bums F.C., Schlotter N.E., Swalen J.D. J.  Chem. Phys. 1983; 

28: 946. 

Kimm F., Umemura J., Takenaka T .  hngmuir 1986; 2: 96. 

Clegg R.S., Hutchison J.E. Langmuir 19%; u: 5239. 

Cha X., A& K., Kunitake T. Bull. Chem. Soc. Jpn. 1996; 9: 163. 

Tacken J.E. AppI. Spectrare. 1989; 43: 483. 

10. Luo X., Zhang Z., Liang Y .  Langmuir 1994; 10: 3213. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



16 DU, SHI, AND LIANG 

11. Katuyama N., Enomoto S., Sat0 T., Ozaki Y., Kuramoto N. J. Phys. Chem. 

1993; 97: 6880. 

12. Rabe J.P., Rabolt J.F., Brown C.A., Swalen J.D. f. Chem. Phys. 1986; 84: 

40%. 

13. Sen& L., Moore D., Mendelsohn R. f. Phys, Chem. 1992; 96: 2749. 

14. Zhang Z., Gang Y., Tian Y., Jiang Y .  Spectrosc. Lett. 1996; 29: 321. 

15. Mesubi M.A. J.  Mol. Struct. 1982; &l: 61. 

Date Received: September 14, 1998 
Date Accepted: October 9, 1998 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


