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Shift I Band a l<ully Solvated 
Methanol/Water Mixtures as a Probe for the Solvent Composition in the 

Peptide/Solvent Interface 

Dietmar Matthias ,3 

USA 

Massachusetts, 

from molecu­
mixtures with 

are determined from a transition dipole exciton modeL A 
model Hamiltonian is both the effect of hydrogen 

well as intramolecular vibrational into account. 'We consider a isolated 
a helical while the solvent is 2600 methanol or water 
simulated for a pressure of 1 bar and a temperature of 300 K. the course of the simulations mi-
nor reversible conformational at the termini are which are found to 
affect the calculated Over the entire composition range, varying from pure 
water to the pure methanol a monotonous blue-shift of the IR amide I band of about 8 
wavenumbers is observed. The shift is found to be caused two 

The importance of solvent-contribution to the IR-shift, as well as 
formation of water and methanol make the amide I 

in the local environment close the interface. 
determination of the composition of solvent in close 

surface. For the AK-peptide case we observe at low methanol concentra­
enhanced methanol concentration at the 

the partially character of the 

INTRODUCTION 

Alanine rich have been shown to form 
helices in an aqueous environment Numerous IR 
trc)SCOPIC studies have been on the thermo-

and kinetics of helix formation 
temperature induced unfolding transition 
advances in simulation provided 
the opportunity to study the nature and structural inho­
mogeneity of helix formation in great detail. Simu­
lation data delivered the shift and 
line of the amide I band taking into account both, 
the effect of bonding, as well as intramolecular 
vibrational 9]. the pressure de-
pendence of the amide I band revealed the 
of the solvent contribution to the pressure induced red­
shift. The observed solvent induced shift is found to be 
about three to four times than the contribution 
due to conformational changes of the peptide 10] or 
the "elastic of the helix. The solvent ef-

feet on the IR spectrum has also be observed in pressure 
studies of in aqueous solu-
tion bonds no 
role. Here we would like to utilize this solvent contri­
bution to the amide I band to study the interaction of 
the with co-solvents. The effect of co-solvents on 
the of has been attributed to the spe-
cific solvent mediated attractive or 
of the co-solvent with the ex-
cess concentration of the co-solvent in the of the 

[12-15]. Most of those studies are based on the 
measurement of excess which 

in the framework of Kirkwood-Buff 
"';;"'lll."Wl"" concentration localized at the 
surface. . In this contribution we focus on the ef-
fect of the solvent composition on the shift of 
the amide I band of an 20 amino acid AK­
peptide with sequence Ac AA(AAKAAhAAY NMe. 
In contrast to our studies 9], we sol-
vation of the folded state 
of the Given that 
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conformational state of the peptide is little <»H'O,-"',C;U 

we that one may employ the solvent dependent 
shift of the amide I band to determine the local compo-
sition of the solvent in the of the Based 
on computer simulations of a realistic model and 
from IR we show that the 
water excess concentration in the of the 
in a methanol/water mixture can be recovered from the 
location of the IR-band with reasonable of accu-
racy. We would like to that 

such as have 
to be employed to make sure that the experimentally ob­
served IR shifts are dominated by the changing solvent 
and only afi'ected to a minor degree alterations of con-
formational ensemble of the itself. 

METHODS 

MD simulation details 

We perform MD simulations of a AK-peptide 
molecule in mixtures with ,"V1HfJV'" 

indicated in Table L Each simulated system contains 
2600 solvent molecules in a cubic box with 
boundary conditions. Water is by the three 
center TIP3P model [16], whereas methanol is described 

the TraPPE united-atom forcefield . For the 
we the AMBER-94 forcefield [19] as 

modified by Garcia and Sanbonmatsu 
\Ve molecular dynamics simulations in 

the NPT ensemble the Nose-Hoover thermostat at 
T = 300 K 23] and the Rahman-Parrinello barostat 

25] with coupling times 1.5 ps and 2.5 ps 
the isothermal to be Xl' 

bar -1), The electrostatic interac-
tions are treated in the "full the 

convergence factor 0: was set to 3.38 nm- 1 

to a relative accuracy of the Ewald sum of 
2.0 fs was used for all simulations and the wa-
ter constraints were solved using the SETTLE 

, while the SHAKE method was used to constrain the 
bond lengths in methanol and the All 
bond-length were 
here were carried out using the GROMACS 3.2 program 
[29, The suite of programs has been 

to generate start 
and was used for the entire data 

nu'_"",nt""rI in this paper. The was inserted 
into the mixture in its full helical state and it was made 
sure that it in this state during the initial equi­
libration period. Production runs of 40 ns were 
analyzed for each Statistical errors in the 

TABLE I: Parameters the performed MD­
simulation runs. All simulations were carried out at 1'=300 K 
and P = 1 bar. Each simulation contained 2600 
vent molecules one helical 20 residue with 
sequence Ac - NMe. 

XMcOH 

0.0 

0.02 

005 

0.1 

0.2 

0.5 

1.0 

run 

40 
,10 

40 

40 

40 

40 

40 

992.39 ± 0.04 

985.24 0.03 

974.91 0.03 

958.95 ± 003 

930.37 ± 0.04 

864.15 ± 0.03 

787.61 0.05 

were using the method of 
and Petersen [32]. For all initial 
libration runs of 1 ns 
Berendsen weak 

were using the 
scheme for pressure and tem­

control T p =O.5 

Calculation of IR spectra 

We use an empirical transition dipole coupling model 
to simulate the trends associated with the amide 

I band due to both, solvation as well 
as structural relaxation of the It was as-
sumed that the amide I manifold states can be 
from all other vibrational modes. The transition 

modified the amide I modes 
and contributes to the terms of an exciton 
Hamiltonian matrix in the basis of these modes. These 

nrrw;YTI<>lrori by the transition-

where is the effective transition dipole of the kth 
amide I mode, is the unit vector the 

k andm, and Tkm is the distance between the 
dipoles [34]. The transition dipole moment has 
a of 0.305 D and is located 0.868 A from the 
carbonyl carbon along the directed 20° from 
the CO-bond toward 0 N [37]. The of 
this empirical model must be cautioned since the near-
est interaction may not be nr()np·rl 

[38] 
The matrix elements of the Hamiltonian are 

sensitive to the amide I shifts caused cou-
to other modes and to the solvent. The contribu­

tion to the amide I fluctuations from hydro­
gen bonding interactions between the peptide C 0 and 



hydrogen bond donors were considered explicitly. Addi­
tional amide I frequency shifts dictated by fluctuations 
in geometry were neglected in our calculations . Fre­
quency shifts due to hydrogen bonding interactions were 
described in terms of geometrical considerations of the 
solvent molecules or internal atoms, which are suitably 
located to perform a hydrogen bond to the C = O-group 
[39, 40]. We define a hydrogen bond as existing when the 
distance between the hydrogen of a donor and the oxygen 
of the peptide unit is less than the hydrogen bond cutoff­
distance 2.6 A and makes favorable angles (C = O· .. H 
and O · .. H-X > 90°). When these constraints are satis­
fied, the diagonal shift in frequency OVH due to hydrogen 
bonding (in units of cm- 1) is given as: 

(2) 

with r~)H = 2.6 A and DH = 30 cm- I A -I , and rOH is the 
C = O· ·· H-X distance given in A [7, 9, 39-42]. When 
more than one hydrogen atom satisfied the above crite­
ria, the shift was considered to be additive. For specific 
hydrogen bonding to carbonyls, the amide I shifts and 
the additive property are in quantitative a.greement with 
ab initio calculations for structures near the equilibri um 
hydrogen bond distances [43-45] 

For each configuration, the Hamiltonian was con­
structed and diagonalized to obtain the excitonic fre­
quencies and intensities. In the calculation of the amide 
I spectrum, a separation of time scales between homoge­
neous and inhomogeneous contributions is assumed. A 
typical [41] homogeneous dephasing time (T2 ) of 0.8 p; 
has been employed for all investigated solvent composi­
tions, leading to a intrinsic Lorentzian line-shape with 
13.2 cm- 1 FWHM for each of the excitonic frequencies. 
The ensemble averaging of the frequency spectrum over 
all configurations obtained from the simulation natu­
rally models the static inhomogeneous contribution to 
the spectrum and the dephasi ng describes the motional 
narrowing in an ad hoc manner. The analysis was car­
ried out for all seven simulations with different solvent 
compositions. The unperturbed frequency of an amide I 
oscillator was chosen to be Va = 1659 cm- I . The specific 
choice of Va is not critical for our study because the in­
terest is in the change of relative band-shift and shape 
with respect to the changing solvation conditions. 

DISCUSSION 

The simulated TIP3P /TraPPE methanol-water model 
solutions are found to satisfactorily reproduce the ther­
modynamic and structural properties which are exper­
imentally observed at 300 K and atmospheric pressure. 
The calculated density variation follows nearly quanti­
tatively the experimental data according to Coquelet et 
a1. [46] (given in Figure 1). The simulations do not 
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FIG. 1: Experimental densities for binary methanol/water mix­
tures at T = 303 K [46] compared with data from our MD simula­
tions. 
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FIG. 2: Comparison of radial distribution functions g(r) (a) 
Water-water oxgen correlations in pure water and at XMeOH = 0.2. 
(b) methanol-methanol carbon correlations in pure methanol and 
at XMeOH = 0.2. (c) Correlations between methanol carbon and 
the Cp-atom of the alanine residues of the AK-peptide in pure 
methanol and at XMeOH = 0.2. 

show any phase separation tendency, as the calculated 
radial pair distribution functions, depicted in Figure 2, 
clearly suggest. Slight systematic deviations of the den­
sity are observed at lower concentrations, leading to a 
somewhat larger slope of the density vs. concentration 
curve, perhaps indicating a slightly larger partial molar 
volume of methanol at low concentrations. This observa­
tion could hint at a slight overestimation of the tendency 
of methanol to associate , compared to the real mixture. 
The first peak features of the calculated radial pair dis­
tribution functions shown in Figure 2 are in good agree­
ment with the data obtained from neutron scattering ex­
periments of Dougan et a1. [48] and Dixit [49]. A first 
peak height of the water-water OW-OW pair distribution 
function increasing from 2.5 at XMeOH =0.0 to about 3.5 
XMeOH = 0.0 is matches almost exactly the data obtained 
from empirical potential structure refinement (EPSR) 
calculations reported in Ref [48], and determined from 
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TABLE II: Parameters chaTacterizing location of the amide I band, as well as properties characterizing the solvation of the 
AK-peptide in different methanol water mixtures XMcOH. Here XMeOH (local) characterizes the composition of the solvent in the 
vicinity of the peptide. (nco(OW)) and (nco(OH)) specify the carbonyl-solvent-oxygen coordination numbers for water (OW) 
and methanol (OH) as obtained from the corresponding radial distribution functions. VPcak indicates the peak-position of the 
calculated amide I band, whereas the (6Vintra) and (6Vintra) represent the relative inter and intramolecular shift-contributions 
due to the effect of hydrogen bonding. 

XMeO H xMcoH(Iocal) 

0.0 0.0 

0.02 0.053 

0.05 0.127 

0.1 0.234 

0.2 0.:387 

0.5 0.669 

l.0 l.0 

(nco(OH)) 

0.017 

0.040 

0.076 

0.113 

0.197 

0.294 

(nco(OW)) 

1.108 

l.020 

0.933 

0.804 

0.630 

0.357 

FIG. 3: Pictorial representation [47J of snapshots taken from the 
simulation with XMeOH = 0.2. Left: Interdigitating networks of 
methanol and water in the bulk phase (methanol: green; water: 
red ). Right: Shown is the peptides solvent accessible surface, as 
well as water (red) and methanol (green) molecules in the solvation 
layer. 

neutron scattering data. The observed water-water ra­
dial distribution functions, however, are a little less struc­
tured compared to what has been reported for methanol­
water solutions in Ref. [48], and for the structure of 
pure water [50, 51]. This has been typically attributed 
to a underrepresented orientational (tetrahedral) order 
of neighboring water molecules, being related to the the 
TIP3P models inability to reproduce waters anomalous 
thermodynamical features [51, 52]. The almost concen­
tration independence of height of the methanol-methanol 
carbon peak at a value of about 2 is an additional fea­
ture reported in by Dougan et al. [48]. However, the 
EPSR analysis [48] suggests a slightly decreasing first 
peak for the mixture, whereas in our simulation the peak 
height is almost unchanged. Nevertheless , we conclude 
the simulated mixtures therefore behave on a structural 
level quite similarly to what has been characterized as a 
bipercolating mixture by Dougan et al. [48]. The snap-

VPeak/cm - 1 (6Vintra) / cm- 1 (6Vinter) /cm- 1 

1630.2 -12.93 -15.00 

163l.0 -13.24 -1407 

1631. 7 -13.46 -13.35 

1632.7 -13.31 -12.50 

1633.8 -13.58 -10.76 

1635.7 -13.88 -8.45 

1638.4 -14.19 -4.92 

shot ofaxMeoH = 0.2 mixture shown in Figure 3 illus­
trates the three-dimensional structural nature of the mix­
ture beyond simple pair-correlations. An analysis based 
on cluster size distributions of hydrophobic methanol­
methanol contacts in the water rich region (not shown) 
indicates that for small cluster sizes, the distribution of 
cluster sizes approaches P(s) ~ S-T with an exponent of 
T = 2.18, where s representing the number of molecules 
forming a cluster. The same value is observed for the case 
of random bond percolation on a three-dimensional 3D 
lattice close to the percolation transition, and is support­
ing the view of methanol and water as a bi-percolating 
mixture, as proposed by Dougan et al [48]. The observa­
tion of percolation is a feature apparently not untypical 
for aqueous solutions and has been first observed for the 
water network in THF /water mixtures by Oleinikova et 
al. [53], and has been also found later for the hydropho­
bic clustering of tertiary butanol (TBA) in TBA/water 
mixtures [54]. Quite interestingly, the broad cluster-size 
distribution has also implications on the structure of the 
solvent at peptide solvent interface. As the picture of the 
solvation shell of the AK-peptide in Figure 3 suggests, the 
nano-heterogeneous nature is also reflected on the pep­
tide surface and reveals a patchy structure of methanol 
and water clusters. One may envision a subtle interplay 
between size and distribution of solvent composition fluc­
tuations at protein surfaces and the possible conforma­
tional response of the protein, which seems worth to be 
further explored in the future . 

Figure 2c shows the pair correlation functions between 
methanol carbons and the methyl sidechains of the Ala­
nine residues. The increase of the first peak at a con­
centration XMeOH = 0.2 compared to the pure methanol 
solutions indicates an increasing aggregation of methanol 
at low concentration, supposedly due to the partial hy­
drophobic character of the folded Alanine helix. To elu-



FIG. 4: Solvent densities as obtained by proximal radial distribution functions of water (a) and methanol (b) as a func tion of distance 
R normal to the peptide/solvent interface. (c) composition of the solvent as a fun ction of distance from the peptide/solvent interface (d) 
composition of the solvent in the vicinity (R ::::: 0.4 nm) of the peptide/ solvent interface as a function of solvent composition. 
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FIG. 5: a) Oxygen-oxygen radial pair distribution function be­
tween the oxygen of the amide groups and the water-oxygen in 
a pure water solvent, as well as the methanol-oxygen in a pure 
methanol solvent. b) Water and methanol Coordination numbers 
obtained from the first peak of the O(CO) - OH and O(CO) - OW 
radial pair distribution functions for all simulated mixtures. 
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FIG. 6: Water and methanol coordination numbers obtained from 
the first peak of the O(CO) - OH and O(CO) - OW radial pair 
distribution functions for XMcOH = 0.05. The given coordination 
numbers are obtained for each residue individually. 

cidate the effect of partial aggregation, we inspect the 
water and methanol densities in close proximity to the 
peptide. We use a procedure of calculating peptide-water 
proximal pair correlation functions gprox(R) , similar to 
Ashbaugh and Paulaitis [55, 56], and also suggested ear-

lier by [57, 58]. As reference sites we use heavy atoms of 
the peptide (C,N,O) and the center of mass of the solvent 
molecules. The normalization volume s(r)dr is defined 
by volume elements with a shortest distance to any atom 
belonging to the set of peptide heavy atoms. Figure 4ab 
show the proximal radial distribution function between 
the peptide and methanol or water. The given Pprox(R) 
for water exhibit a typical two-peak feature, which has 
been reported to be according to the hydration of polar 
and nonpolar atoms [58, 59]. Note that the proportion 
between the two peaks is strongly concentration depen­
dent and is markedly different for the pure liquid than 
for proteins reported hitherto [58 , 59], with the nonpolar 
peak being apparently Significantly more dominant for 
the AK-peptide. This suggests that the surface of larger 
size proteins is on average significantly more polar than 
the surface of the AK-peptide. For the case of methanol 
shown in Figure 4b the two peaks are largely fused to 
one. From the densities of the individual components we 
calculate the local composition as a function of distance 
to the peptide according to 

PiVIeOH(R) 
XiVIeOH(R) = , (3) 

PMeOH(R) + PWater(R) 

shown in Figure 4c. The composition at the peak dis­
tance with R~O.4 nm indicates a more than twofold en­
hanced concentration of methanol at the solvation layer 
in the water rich region. For large distances R ---> 00, 

XMeOH(R) converges to the composition of the bulk 
phase. The quantified "local" composition of the mix­
ture at the interface (at R~O.4 nm) is given in Figure 4c 
and Table II. The observed decrease of the XMeOH (R) for 
short distances shown in Figure 4c is an artifact based on 
the fact that we employ center of mass of the molecules as 
reference, and that the water molecule has a smaller size 
compared to methanol. The analysis of the composition 
of the solvation layer is complemented with a detailed 
description of the solvation of the carbonyl groups of the 
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FIG. 7: (a) Probability to find the i'th residue in the alpha-helical 
state (hi). (b) Fluctuation of the helicity of the individiual residues. 
(c) Distribution of the helical content of the entire AK-Peptide. 

peptide by calculating the carbonyl oxygen coordination 
numbers, shown in in Figure 5, and also given in Table 
II. The coordination number of about 1.1 in pure wa­
ter is contrasted by an average coordination number of 
about 0.3 methanol molecules in the pure methanol liq­
uid . Note that the obtained average coordination num­
bers are found to scale linearly with the "local" compo­
sition (compare values given in Table II) of the solvent 
X~!eOH according to 

nco = nco(MeOH) x rl!eOH (4) 

+ ncoCWater) x [1 - X~eOl-I] . 

The asterisk indicates the coordination number found 
in the pure solvent. In previous studies it has been 
shown that side-chain shielding leads to a stabiliza­
tion of solvated alpha-helical peptide [7, 20, 60]. For 
the AK-peptide a residue-position dependent alteration 
of the carbonyl hydration has been reported [7]. For 
low methanol concentrations a similar behavior is ob­
served here, as the decreased coordination number of the 
carbonyl-groups of Lysine- (at position i) and the neigh­
boring Alanine-residue (at position i-4) indicate. More­
over, in line with the observations reported in Ref. [7], 
the residues close the C-terminus also show strongly en­
hanced coordination numbers. As Figure 6 reveals , the 
methanol solvent exhibits the same coordination pattern 
as water, however, on a smaller scale. We would like to 
emphasize that this kind of alternating pattern is only 
observed in the water rich region and is fully absent in 
the pure methanol solvent. It is apparently critically re­
lated to the hydration pattern of the backbone [20]. The 
large coordination number of the C-terminal residues is 
related to enhanced structural fluctuations observed at 
the termini and has been reported previously [7]. 

Figure 7 decribes the structural homogeneity of the 
simulated pep tides in terms of it's helical character. The 
helical content of the AK-peptide is calculated according 
to the Lifson-Roig definition, which requires three con­
secutive residues to be helical [61]. Similarly to Refs. 
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FIG. 8: Calculated IR-spectra for the AK-peptide in 
methanol /water-mixtures with the compositions: XMcOH = 
{O.O, 0.02,0.05,0.1,0.2,0.5, l.0}. The amide I band is found to shift 
monotonously from 1630.2 cm- 1 (pur water) to 1638.4 cm- 1 (pure 
methanol). The vertical lines indicate the peak positions. 
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FIG. 9: Calculated amide I bands for the AK-peptide in pure 
water and methanol shifted relative to their peak-positions VPeak. 

Note the increased intensity and narrowed line in a pure methanol 
solvent. 

[7, 8] the helical state of residue i, is characterized, when 
(¢, 7jJ) angle lie in the a-helical region of the Ramachan­
dran map (¢,7jJ) = (-65 ± 35,-37 ± 30). The helicity 
hi = 1, in case (¢, 7jJ)i are in the helical region, and hi = 0 
otherwise. The averages (h'i) characterize the fraction of 
being in a helical state, and the (h;) - (hi) 2 indicate 
fluctuations of the helicity. Figure 7ab indicate that the 
molecule is water and methanol solvents predominantly 
helical, with small conformational alterations restricted 
to the terminal residues. The methanol solvent seems to 
stabilize the helical state for the terminal residues. More­
over , it does not only suppress the fluctuations at the ter­
mini, but it seems also to affect the conformational fluc­
tuations of the middle residue around their alpha-helical 
equilibrium, as indicated by Figure 7b. The distribution 
of the helical content of the AK-petide, given in Figure 
7c is accordingly found to be shifted to slightly larger 
values. The average helical content increases from 0.92 
(in water) to 0.96 (in methanol). Although the observed 
values reveal a strongly homogeneous helical structure of 
the peptide, they are compatible with data from REMD 
simulations of the AK-peptide, where a value of about 0.9 
was reported for the lowest temperatures [7]. However, 
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FIG. 10: Inter- and intramolecular hydrogen bond contributions 
to the shift of amide I band as a function of mixture composi­
tions. The interaction with the solvent leads to a blue-shift of 
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intramolecular hydrogen bonding of about 1.2 wavenumbers. 

-;­
E 
u 

-5 

~ -10 m 
c 

~-

V 

0.4 0.6 0.8 1 1.2 
nCO(OW)+nco(OH) 

FIG. 11: Correlation between the total coordination number 
(mehhanol plus water) and the calculated shift of the amide I band 
due to intermolecular hydrogen bonding. 

we cannot fully rule out a small bias towards the helical 
state due to the limited time window of our simulations. 
In addition we would lik to emphasize that the exper­
imental data of Decatur [62] suggest that the simulated 
peptide is structurally too homogenously helical. 

In the final section of the paper we would like to dis­
cuss the calculated spectral properties with changing sol­
vent conditions predicted for the amide I band. Fig­
ure 8 shows the calculated amide I bands for all sol­
vent compositions, the peak-frequencies are also given 
in Table II. We observe a shift of the peak of amide 
I band of about 8 wavenumbers to larger frequencies, 
which is quite similar to the shift associated with the 
helix-coil transition [4]. In the present case, however, the 
observed shift is apparently mostly due to the chang­
ing environment. In contrast to the behavior related 
the helix-coil transition, the peak intensity does signif­
icantly increase and the line-shape is slightly narrowing. 
Both features are apparently related to the increasing 
(helical) structural homogeneity, observed for the pep­
tide in a methanol environment. To separate intramolec­
ular from solvent contributions, we have calculated the 
averages of the solvent shift contributions (OVH) before 
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FIG. 12: Location of the peak-position of the amide I band as a 
function the mixt ure composition. Here XMcOH(global) indicates 
the composition of the entire solvent, wereas XMcOH (local) spcifies 
the composition of the solvent in the vicinity of the peptide. 

employing excitonic mixing. The individual shift com­
ponents are shown in Figure 10 and also given in Table 
II . The different contributions are found to have counter­
compensating tendency. The intramolecular contribution 
leads to a red-shift of about 1.2 wavenumbers, apparently 
due to the more homogenous helical structure and more 
stable intramolecular hydrogen-bonding. The solvent­
contribution, however , leads to a significant blue-shift of 
about 10 wavenumbers, about one order of magnitude 
larger than the intramolecular contribution. vVe conclude 
that for a case, where the conformational equilibrium of 
a peptide is only little affected, the solvent contribution 
to the shift can be the dominating contribution to the 
shift of the amide I band. This finding is qualitatively in 
line with the study of Starzyk et al. [63], who observed 
a blue-shift of the amide I' band of the helical peptide in 
triftuoroethanol-water-mixtures, while CD-spectroscopy 
indicated and enhanced helical order. Note that the fre­
quency shift does not change linearly with the compo­
sition of the solvent. A significantly increased slope of 
(OVH) vs. XMeOH is observed in the water-rich region, 
running parallel with a nonlinearly changing coordination 
number of the carboxyl-group, given in Figure 5, as well 
as the enhanced aggregation of methanol in the solvation 
layer of the AK-peptide described in Figure 4d . Figure 
11 suggests that the solvent-contribution to the shift of 
the amide I band is linearly related to the average total 
coordination number of the carbonyl groups. This linear 
dependence and the relation between the coordination 
number nco and the local solvent composition X~'leOH 
given in Eq. 4, suggests that the solvent-contribution to 
the shift is linearly related to the local solvent composi­
tion 

(OVinter) c< nco (5) 

c< [nco(J"IeOH) - nCO (Water)] x XLeOH 

+ nCO (Water) . 

The location of the peak-position of the amide I bas 
as a function of solvent composition shown in Figure 
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12 indicates that this feature is rather well 
when intramolecular contributions and even af-

The observed are 
a strongly nonlinear function of the mixture composition 
X,HeOf[. However, fall almost completely on the line 

the peak-positions of the pure when 
the local compositions are used instead. 

To the shift of the peak is in 
the same range as observed for the induced 
helix-coil the features such as peak-

and be used to it 
from the helix-coil transition. For the case of a very 

solvent insensitive conformational distribu-
tion of the peptide th is dominated 
solvent-contributions and is sensitive to the local compo-
sition of the solvent. A detailed of the U"'''''-01H 

be used to determine the local 
solvent in the of the 

SUMMARY 

We have determined the shift and of the 
amide I band of a model from molecular 

(MD) simulations of the dissolved in 
mixtures with The 

structural features of the simulated methanol/water mix­
tures are found to be in reasonable agreement with neu­

data and show a patchy 
structure with a broad cluster-size dis­

tribution. For the 
methanol concentration a 
than methanol concentration at the 
supposedly due to the hydrophobic character of 
the AK-peptide's solvent accessible surface. The patchy 
structure of the is also observed at the sur-
face. properties are determined from a 

exciton model. A "lH~I-'~HIC'U 
Hamiltonian is taking both 

the effect of hydrogen as well &'l intramolec-
vibrational coupling into account. We consider a 

isolated in the mostly folded state, 
while the solvent is represented 2600 methanol or 

simulated for a pressure of 1 bar and 
a of 300 K. Over the course of the simu­
lations minor reversible conformational at the 
termini are which are found to not 

affect the calculated Over the entire 
range, from pure water to the pure 

methanol a monotonous nonlinear blue-shift of 
the IR amide I band of about 8 wavenumbers is observed. 
The shift of the is in the same range as observed 
for the induced helix-coil how-
ever, the peak features such as increasing 
and might be used to 
it from the helix-coil transition. The observed shift is 

found to be caused two counter-compensating effects: 
An intramolecular red-shift of about 1.2 
due to intramolecular in a 
methanol-rich environment. Dominating, is the 

blue-shift of about 10 
attributed to the less effective hy­
capabilities of methanol ~VU!~"'HvU 

of solvent-contribution to the 
different 

formation of water and methanol, make the 
amide I band sensitive to composition in the lo­
cal environment. the calculated solvent-shift 
is found to be 
oxygen-coordination number of the cal'boxyl-groups and 
to the local methanol concentration. the compo-
sition of the solvent can be determined quantita-

the the solvent-induced shift of the 

good indicator for a 
the interface. 

a 
at 

This feature could also 
allow a direct determination of the com-

of the solvent in close proximity to the peptide 
surface, 

Deutsche 
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