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Infrared and Raman spectroscopies along with molecular orbital calculations are used tefatudy first
time—the vibrational motions of a topologically complicated chemical system, namely a [2]catenane of the
benzylic amide type. Because of the intrinsic line width of the spectra, comparison of experiments and theory
is only partially successful. The insight given by the simulatiewhich show that the €O normal modes

are delocalized while the NH modes are localizedis, however, useful and makes us propose a simple
model that explains both the larger line width of the spectra of the catenane with respect to those of the
parent macrocycle and the great sensitivity of the infrared spectrum of the catenane to the environment.
Examples of such sensitivity are the frequency shifts observed upon going from KBr to Csl, features not
present in the case of the macrocycle.

Introduction

Through the pioneering work of Sauvage, Stoddart, and
others! catenanes (mechanically interlocked macrocycles) are
becoming seen as important potential component structures for
nanotechnology. One reason for this is that for catenanes
composed largely of rigid aromatic units, the combination of
the restriction in the freedom of motion of components in some
directions (imposed by interlocking), together with that allowed
in others, is similar to the degrees of freedom allocated to
moving parts in machinery in the macroscopic world. Further-
more, their mechanically interlocked architectures allow cat-

0
enanes to change the relative separation (and therefore the nature . . o)_N,—O;N
H ;:

and degree of interaction) between pendant functionality on each

macrocycle, by this potentially allowing switching “on” and H N va H‘N
“off” of particular properties in a manner not open to the o) N\_@_,N_‘go \-O-'
majority of topologically trivial molecules. To develop ap-

plications of these molecules, it is clearly necessary to fully Figure 1. Benzylic amide [2]catenané: (a) solid-state structure

understand the nature of their inter- and intra-ring interactions. 4€termined by X-ray crystallography and (b) ideal structure.
Apart from their structures, their characterization in terms of gaturated bridges. In terms of properties, the difference between
fundamental and induceable properties npesforcestart with the two sets can be highly significant. Fully conjugated
the study of the electronic and nuclear motions that reflect the molecules cannot realistically be studied as the sum of their
different time-scale dynamics present in the system. Here wWe jnteracting fragments. Polyenes epitomize this kind of behav-
report the first study of the high-frequency vibrational states of jor2 |n contrast, when the building blocks are divided by one
a mechanically interlocked molecule, the benzylic amide [2]- or more sp carbon atoms, as is the case with benzylic amide
catenanel (Figure 1). To the best of our knowledge, this is  catenanes, perturbation theory can still hold and the molecular
the first vibrational study of any catenane. properties may be determined by analytical models in both the
Large (i.e., 2100 atoms) organic systems that contain simplest cases of a “dimer” and even in the most complex case
conjugated repeat units can be loosely divided in two sets. Theof an infinite chain. Difficulties-and implicitly a degree of
first consists of entirely conjugated molecutgmlyenes, poly-  interest-arise when the number and the roles of the interacting
thiophenes, and porphyrins, for example. In the second, onefragments vary.
finds molecules whose conjugated moieties are separated by The prototypical benzylic amide [2]catenahis the simplest
member of a large family of molecules prepared through a self-
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mechanically interlocked and can be viewed as the sum of two Briker 113V working under vacuum (10 Torr). The inter-

sets of four isolated conjugated units. To add further similarity, ferometer was of the Genzel type, and the resolution was set to
every moiety is basically a derivatized phenyl group. Owing 1 cnTl. A standard DTGS detector equipped with KBr and
to the interlocked structure, the interactions between various polyethilene windows was used. The catenane or the parent
individual units cannot be assumed to be the same. Formacrocycle powder was mixed with 200 mg of Csl or KBr and
example, the interaction of a fragment with a similar fragment pressed into a pellet. The infrared spectra for the comparison
in the same macrocycle differs from the interaction between between the KBr and the Csl matrixes were collected with a
fragments that are not located in the same macrocycles; the firstFourier transform spectrometer BIO-RAD FT 60A equipped
is determined by a combination of through-space and through- with a KBr beam splitter and a DTGS detector. The inferometer
bond interactions while the second is only through-space, was of Michelson type, and the resolution was set to 2%tm
although it can have an additional contribution brought about The samples were again pellets of Csl or KBr with a 1.25%
by hydrogen bonding. Furthermore, the environments and concentration in weight of the catenane or the parent macrocycle.
conformations of each group are not the same, at least in the Raman Spectroscopy. The Raman spectrometer used in this
solid state? Mechanical and electronic interactions can occur study was a Biker RFS 100 equipped with a Nd:YAG laser
and modify the properties of the catenane with respect to thoseworking at 1064 nm operated at a power of 260 mW. The
of the macrocyclic monomers. Vibrational spectroscopy is resolution was set to 2 cth. A Ge diode operating at liquid
particularly well-suited to provide information regarding me- nitrogen temperature was used as a detector. The Raman
chanical interactions. The vibrational frequencies, and their measurements were performed in the backscattering configu-
intensities or cross sections, are a function of the normal modesration. The catenane powder was pressed into a small hole in
which, in turn, image the nuclei dynamics. Two main scenatios  a metallic pellet.

and their combinatiornscan conceivably emerge from the

spectra and their analysis: in the first, interaction between the +poqretical Background

fragments spreads the vibrational frequencies of a group over a

certain range, and in the second, the different environments The semiempirical calculations carried out for this work were
experienced by each spectroscopically active group sets thenperformed with the Gaussian92 suite of progrdmghis
apart from one another. In the first instance, spectroscopy package includes both semiempirical and ab initio procedures.

becomes a probe of the interactibetweerthe moieties, in the
second, it becomes a probe of tleeal ervironmentof the
groups.

In the semiempirical part, the Hessian mattixe., the matrix
of the second derivatives of the energy with respect to nuclear
displacementsis obtained by numerical differentiation of the

The work carried out in this paper presents the results of a energy gradients. Calculation of this matrix is the rate-
combination of experimental and computational, or modeling, determining step for vibrational frequencies and normal modes.
techniques aimed at obtaining a picture of the interactions and Subsequent projection of the normal modes onto the vector of
the high-frequency vibrational dynamics of the simplest octa- the dipole moment derivatives gives the infrared intensities. This
benzamide [2]catenang, The infrared and Raman spectra are part of the program does not calculate the Raman cross sections.
recorded at standard resolution and compared with the resultThey can be calculated ab initio at the Hartré@ck level, but
of molecular orbital calculations. The emerging picture of a not at the semiempirical level. The numerical differentiation
strong and easily modified interplay between local vibrational used to calculate the Hessian matrix, however, can be utilized
oscillators is supported by the a simple model and the significant advantageously to minimize the effort required when one
differences that appear in the infrared spectra of the catenaneextends the computer code to the Raman activities. The vector

in two different matrixes.

Experimental Procedure

Preparation. [2] (1,7,14,20-Tetraaza-2,6,15,19-tetraoxo-
3,5,9,12,16,18,22,25-tetrabenzocyclohexacosane)#(114,20-
tetraaza-2,6',15,19-tetraoxo-3,5,9,12,16,18,22,25-tet-
rabenzocyclohexacosane) Catenane (1.0 a stirred solution
of triethylamine (1.19 g, 18.9 mmol) in anhydrous (stabilized
with amylenes, not ethanol) chloroform (130 mL) under argon
were added isophthaloyl dichloride (0.87 g, 4.3 mmol) in
anhydrous chloroform (130 mL) armxylylene diamine (0.58
g, 4.3 mmol) in anhydrous chloroform (130 mL) simultaneously,
over 30 min using motor-driven syringe pumps. The mixture
was allowed to stir overnight and then filtered. The filtrate was
washed wih 1 M aqueous hydrochloric acid (8 200 mL),
then 5% aqueous sodium hydroxidex3200 mL), and finally
water (3x 200 mL). The organic layer was then dried over

anhydrous magnesium sulfate and concentrated under reduce

pressure to afford 0.23 g (20.1%) of catenahg hp 315°C
(decomposes)H NMR (300 MHz, [Dg]DMSO) 6 8.62 (8H,
s), 8.05 (4H, d), 7.88 (8H, dd), 7.50 (4H, t), 6.75 (16H, bs),
4.01 (16H, bs)¥C NMR (75 MHz, DMSOs¢lg) 6 168.9, 141.3,
138.4, 133.7,132.4, 130.8, 130.0, 46.9; FAB-MBNBA
matrix): m/z 1065 M + H)*, 533 M/2 + H)*.

Infrared Spectroscopy. The standard resolution infrared

of the Cartesian derivatives with respect to the nuclear displace-
ments can be readily obtained if at each step one adds the
evaluation of the polarizability. Subsequent projection of the
normal modes onto this vector furnishes the Raman activities.
More in detail, the Raman cross section is proportionad to
a/9Q, wherea. is the polarizability tensor anfiQ} is the set

of the vibrational normal modes. The procedure to calculate
o’ is general and can be applied both to semiempirical and ab
initio wave functions. One can start from the classic expression
for the energy perturbation due to an external monochromatic
field, F = Fo(€®t + e i@t + 1)

1

E(F) = E — 1F" — 20" = 2 F PR — . (1)

where the sum over repeated indices is implied. In egal,
ab, and Bapc stand for dipole moment, polarizability, and
yperpolarizability. The ternH® = u,F2 is the perturbation
responsible for the polarizability, in which

u=-=>er

where the sum runs over all the electrons. Quantum chemically,
the energy variation caused by the electric field can be written

)

spectra were recorded with a Fourier Transform spectrometeras



5784 J. Phys. Chem. A, Vol. 102, No. 29, 1998 Fanti et al.

0y = —Tr(HY(D"(F))) ©)

res=1cm’

whereH2 is the dipole moment matrix in the atomic orbital
basis{y} whose matrix elements read

Hg = —Didedy0 (4)

andDP(F) is the density matrix perturbed along thelirection

Absorbance (arb. units)

DP(F) = C°(F) nC*(0) + C(0) nC*(F) (5)

whereC is the matrix of the molecular orbital§(0) andC(F)
are the orbitals before and after the field is switched on,rand ‘ T h, N (N A u“ Wl |

i 1 i i 1 " 1 " 1 N 1 i N 1 " 1
is the occupation matrix. The perturbed molecular orbitals are e o0 g g v o0 = 5

calculated as Wavenumber (an™)
C*(F) = C(0)U°(F) (6)

Raman
where the matrix elements &f are expressed in terms of the res =2 cn’!
auxiliary matrixG as

Gj(F)
Ue =5 (7)

i€

wherei andj refer to occupied and unoccupied orbitals aﬁd

is the unperturbed energy of the orbital. The auxiliary matrix
G represents the perturbation in the molecular orbital basis. This
scheme can converge to the final result of eq 3 via an iterative

Raman Activity (arb. units)

procedure: : . ! y AT
first, the dipole moment matrix in the atomic orbital basis is 30 300 250 20 150 1000 500 0
built; Wavenumber (cm’™)
second, the matrix is rotated in the molecular orbital basis to figyre 2. Top: Standard resolution infrared spectrum of benzylic
give G, and subsequently, C, andD; amide [2]catenanel. The stick spectrum represents the MNDO
third, the new perturbation is calculated with the orbitals frequencies scaled according to eq 11 and the corresponding intensities.
obtained by diagonalization of the perturbed HartrEBeck Bottom: Raman spectrum of benzylic amide [2]caten&n€he stick

matrix, F °(F) = HP + DP(F)[2J° — K9], whereJ andK are the spectrum represents the MNDO fr_equencies scaled according to eq 11
Coulomb and exchange matrixes: and the corresponding cross sections.

fourth, the convergence is checked, and if not achieved steps
2 and 3 are repeated.

A detailed analysis of frequency-dependent and static proper-
ties calculated with this model up to third order has been given ; S
before® After numerical differentiation of the polarizability with of the resonant state. The Raman experiments reported in this
respect to the Cartesian coordinates, the vector is projected alon%/Olrk are St”Ct!y in the off-.resonant regime, and as such the
the normal modes. The Raman intensitiegpbd7), for the rocedure outlined above is deemed adequate.
total light scattered in a direction perpendicular to that of the

Itis important to emphasize that the approach outlined above
cannot be used in the pre-resonant and resonant regimes where
the largest contribution comes from the Fran€ondon factors

electric vector of the incident beam are obtained as Results and Discussion
_ 2 5 In this work, we present the first characterization of the high-
I -(obs]) = const(4%.” + 755 (8) frequency vibrational motions of the parent benzylic amide [2]-

catenane. The intent is to obtain information on the interaction

where the constant is proportional to the fourth power of the {ha¢ exists in the molecule and that can be probed by infrared

field and and Raman spectroscopy. To this end, we proceed in three
_ steps: first, we present the spectra in rather general terms and
o= 4(ay; + 0y, + 09 (9) i ; i
3\Uqy 22 3 compare them with molecular orbital calculations of the
frequencies and intensities. Then we set up a very simple model
and that naturally yields a possible origin of line-broadenirune

1 i of éhe causes of the diﬁficugies in the comparifsor:l of tk&eclnry
2_ = g 2a s i 2 and experiments. Finally, the consequences of the model are
2Ps ZZM” %l +4Z|a” ol (10) discussed in terms of the different behavior shown by the
catenane and its parent macrocycle in different salt matrixes.
The theory of the Raman scattering in terms of the polariz-  Introducing the Spectra. Cursory inspection of the spectra
ability tensor can be found in Califarfo.Calculations of the in the high-frequency region gives a fair amount of general
Raman cross sections along the scheme given above have beeimformation. The most intense, identifiable bands of the infrared
successful in the simulation of the spectra @§,C7o,” and two spectrum shown at the top of Figure 2 can be assijasd
isomers of Gg8 follows:
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(i) 3368, 3330, 3300 cmt N—H stretchings, experimental counterparts. The agreement can be considered

(i) 3058 cnT! (group of peaks) aromatic-€H stretchings, satisfactory. One should be aware of the fact that eq 11 is totally

(iii) 2934 cm1 (group of peaks), 2886 cm aliphatic G-H empirical and is used to improve the match between calculations
stretchings, and experiments. The rationale behind this approach is the

(iv) 1665, 1637 cm! C=O0 stretchings, observation that the inaccuracy of theory is largest in theOC

(v) 1533 cnt?l, amide Il band, &N stretchings plus NH stretching region and that there is a smooth convergence toward
bendings, the experimental values at low and high wavenumbers. While,

(vi) 1302 cn1t, amide 1l band, G-N stretchings plus NH this scaling function may not be general it is expected, however,
bendings, and that it can be transferable to other derivatives of the benzylic

(vii) the remaining bands at 1482, 1472, 1452, 1433, 1424, amide. The two most notable failures of the quantum chemical
1360, 1326, 1287, 1268, 1247, 1220, 1168, 1109, 1084, 1025,-simulation are (1) the small infrared intensity in the-M region
1000, 993, 904, 859, 813, 786, 779, 769, 734,705, 692, 686, (which is likely to require the description of the anharmonicity
657, 641, 634, 605, 502, and 477 chare variously due to in the dipole moment surfat® and (2) the lack of the prominent
C—C stretchings, CCH and CCC bendings, further amide bands,Raman line located around 1000 thn It should be noticed,

and out-of-plane distortions. however, that this line is likely to be the breathing mode of the
The most intense bands of the Raman spectrum shown atphenyl rings and as such it owes its intensity to FrarCkndon

the bottom of Figure 2 can be assigned as: contributions that are not present in the TDHF model employed
(i) 3072, 3057, 3037 cm aromatic C-H stretchings, by us. On the bright side, we notice that the simulations account
(i) 2912, 2996 cm? aliphatic C-H stretchings, well for the three main bands of the infrared region between
(iii) 1657, 1632 cn! C=0 stretchings, 1000 and 1700 crt and can describe the Raman-M region
(iv) 1613, 1603, 1586 crt phenyl deformation, and and the second most intense Raman region around 1608 cm
(v) 1471, 1432, 1420 cmt C—H, deformation, and Apart from the comparison between experiment and simulations,

(vi) the remaining bands at 1363, 1325, 1305, 1285, 1268,- the calculations provide the forms of the normal modes. Their
1242, 1206, 1185, 1166, 1046, 1002, 972, 954, 877, 811, 787,analysis showed that they are, in general, quite delocalized over
698, 669, and 641 cm are variously due to €C stretchings,  the entire molecule. An exception was found for the-HW

CCH and CCC bendings, further amide bands, and out-of-planestretches, which are strongly localized.
distortions. g P The Broadening of the Bands. To obtain a better insight

The inspection given above of the spectra furnishes general?n the spectra, one should consider the sources of line broaden-

information on the molecular structure. Insight into the proper- ing. Ina system as large as the present-amade up by 136
ties and the dynamics of the molecule requires either the atoms- _the information conveyed_by the_ spectroscopic measure-
decomposition of the bands in the constituent transitions or an ments is blurred by the sheer size of it. In principle, because

appropriate simulation based on quantum chemical methods.zg;h? Io(\j/v symtmletry of the rr]tt)nlecular ﬂo'nt group, aII_IE); thle
The Calculations. The vibrational frequencies and normal undamentals can coniribute 1o the response. The low

modes calculations along with the simulation of the infrared SYMMELY IS intrinsic to the system that is stabilized by the

intensities and Raman cross sections were performed at thehhydrog:an bondts ar_n(;:i tk:&elegftro? tgtacklntgr] interactions tfhatl
MNDO level (see Table 13° Straightforward plotting of the ave their most evident manitestation in theé presence ot only

spectra off the computer output would be highly desirable, but one c;arbor_]yl group pointing toward_the center of e"’}Ch macro-
for a molecule of this size, it is not a realistic possibility with CYCle” Intrinsically, the different environments experienced by

the presently available quantum chemical models. Standarg€ach local oscillator can make their frequencies vary from the

procedures usually employed for far smaller molecules entails p_ristine vaIu_e. For instance, the stretching frequencies of the
the scaling of the force constants through fitting of the eight COs will depend on whether they form a single hydrogen

experimental frequencies. The large line width of the spectra bond, a b|furcat(_ad hydrOgen. bond, or no hydrogen bond.
made unlikely the identification of a number of frequencies Importanjtly, the interaction W.'th the environment make the

sufficient to guide a fitting. We therefore decided, as a first groups different an(_j can Io_cahz_e the V|brat_|onal mOdeS'.

step to improve agreement between experiment and theory, to Even _before the interaction with the environment, a simple
scale the vibrational frequencies. Quite often, a common scalingmeChan'sm can be.shown to affec_:t the frequenmes of the
factor of 0.9 has been us&dwe soon found that this was hardly d'ﬁere”t. types of active groups. To introduce it, one can start
useful for benzylic amide [2]catenane. Resorting to a more by looking at the two components of the system, i.e., the

elaborate scaling function gave the best agreement when the'nd'vIOIuaI ma_crocycles, and stL_de one of them_ in a high-
frequencies were obtained as symmetry regime. For sake of simplicity, we consider the four

C=O0 stretches-a similar argument with different parameters
would hold for the other vibrational chromophoreend assume

— Vealc™ Vi 2la? . .
Voew= 0.9Vg0 = Avey geae 91 (11) that to zeroth order they are equivalent (high-symmetry hy-
pothesis). Because of the presence of ghe/lyl and isoph-
wherev is the vibrational wavenumber in crh Ais 0.116,v thaloyl groups, two interactions are present between the groups;

is 2100 cm?, ando is 150 cn?. The behavior of this function ~ we call themo. and. To maintain the model qualitative, we
is such that the largest effects are observed for theOC  do not assign them. In the macrocycle, every@stretch has
stretching region; they then taper off toward zero or toward oneo and oneg interaction. One can write the Hamiltonian
frequencies too high to be fundamentals. A similar approach, matrix associated to this problem, which reads

although with a different function, was used elsewhkete Daop

improve the agreement between inelastic neutron scattering

experiments and their semiemprical simulation. With the H=[% Dj 0 (12)
frequencies obtained by this scaling equation together with the 05 D a

calculated infrared intensities and Raman cross sections, one p 0 ab

can plot the stick spectra shown in Figure 2 together with their whereH is the mass-weighed force constant matbxjs the
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TABLE 1: Summary of the MNDO Calculations: Unscaled Vibrational Wavenumbers, ¥, Infrared Intensities, ir, and Raman

Cross Sections, R

B R D R R D R T VD T s R D BT R D VT T D s D s R I SIS s T I D T s RTID s Es

9
0
0
36

354
1
380
11
449

509

12
0
0

38
0
6

77
0
4

117
1
12

203

1306
1375
1444
829
1462
51
17
1516
29

1627

1695

1546

2
1660

39

10
1705

19
0
1
41
0
4
87
0
7
137

1706

1260

1286

15
1328

10
1389
25
12
1450
48
15
1472
71
11
1547

1663

394
20

1708

412
477
636

677

1199
1260
1286

7
1328

12
1389
69

23
1451

27
1472

25

20
1547

1663
301

1708

735

844

916
10

1000

1041
1
1061

1160
18

1210

1267
16

1291
3
1368

1405

23
1453
252

16
1475

31

26
1586

3

1
1666
650
12
1730

28
2
4
53
1
2

96
2
1
178
1
9
245
8
15
313
50
2
369
1
0
416
2
0
486
7
2
641
0
3
678
1
2
736
17
1
844
1
2
916
3
10
1001
18
2
1041
0
0
1061
1
3
1160
11
4
1211
21
7
1267
4
12
1291
4

1
1368
0
2
1405
82
2
1453
24
34
1475
24
59
1586
5
3
1667
33
8
1730

372
26
2
435
222
1
486
22
0
641
0
6
691
12
1
746
1
1
850
0
1
917
15
4
1002
4
2
1041
0

0
1062
5
35
1162
1
8
1212
27
7
1272
12
8
1293
0
16
1368
1
1
1410
11
23
1457
62
3
1483
6
76
1587
2
2
1673
178

5
1733

1273

1293

15
1368

1410
21
13
1457
37
11
1483
16
27
1587

1673
696
21

1734

31
0
2
66
0
14
107

1513

1626
27

1695

1742

34

70

11
111

11
196

269

1296

1374

1437
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TABLE 1 (Continued)
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ir 0 1 36 27 58 22 21 64 21 112 0 0

R 3 0 17 7 10 13 60 19 56 6 130 131

v 1743 1743 2083 2084 2087 2090 2091 2092 2099 2100 3183 3183
ir 0 0 482 257 213 428 81 191 466 607 30 27
R 166 104 8 40 12 5 35 5 53 40 145 146

v 3188 3188 3195 3195 3202 3202 3260 3260 3266 3266 3270 3270
ir 21 14 10 6 29 3 14 12 7 7 7 6

R 114 179 86 149 38 179 118 183 109 115 108 150
v 3279 3279 3393 3393 3394 3394 3394 3394 3395 3395 3399 3399
ir 5 4 1 1 1 1 2 2 0 0 0 0

R 67 75 46 53 88 49 55 73 66 65 98 79

v 3400 3400 3402 3402 3403 3403 3403 3403 3405 3405 3405 3405
ir 1 1 5 5 5 6 6 6 5 3 5 6

R 123 62 126 120 6 6 63 63 83 36 104 118

v 3405 3405 3410 3410 3415 3415 3415 3415 3431 3432 3592 3592
ir 0 0 0 0 6 5 8 8 3 3 30 29

R 222 212 146 136 304 329 81 404 88 84 60 59
v 3595 3595 3601 3602 3604 3604

ir 43 78 51 43 27 27

R 38 69 58 69 33 24

TABLE 2: Vibrational Wavenumbers and Infrared
Intensities of the Model Calculations Described in the Tex

no scaling

0.99

0.98

0.00
0.00
0.71
0.71

Absecbdate (Arb. unit)

0.71
0.71
0.00
0.00

a2 The CG=0 stretches of the catenane are obtained by doubling the
4 x 4 matrix of eq 12 (no scaling) and by subsequently multiplying
one diagonal element by 0.99 or by 0.98.

-IGI‘

3200 3000 2800 3600
Waventimber (o)

3400

relevant constant of the unperturbee=0O stretch, which is
proportional to the square of the wavenumber, arahdj are

the mass-weighed interaction force constants. With this simple
prescription, the eigenvalues can be calculated even analytically.
If one takesy = 1650 cnt?, a = D/100, and3 = D/200, the
resulting four wavenumbers are 1638, 1646, 1654, and 1662
cmL. The associated eigenvectors show that the two central
modes are infrared active. The interaction between the four
C=0 stretches lifts the degeneracy and leads to an increased
line width. The introduction of a second noninteracting Sy
macrocycle brings about a doubling of each level. A measure Wavemmber (eui’)
of asymmetry is introduced by threading one macrocycle into Figure 3. Blowup of selected spectral regions of the infrared spectrum

the cavity of the other. The effect can be mimicked, for of benzylic amide [2]catenarte(b and d) and of its parent macrocyle
instance, by reducing one of the diagonal elements of the eight(a and c) in a KBr and in a Csl matrix.

by eight matrix by 1 or 2% (this agrees with the fact that in the
solid only one G=O points inside the ring). We emphasize,
however, that this is just a possibility presented here to obtain
a qualitative insight into the vibrational dynamics of the system.

Absorbance (Arb. unit)

i L
1600, 1500

"
1500

1400

While the picture presented above is intended to be qualita-
tive, it can be helpul in explaining the experimental observation
(see below) that the infrared spectrum of the catenane is quite

he eff ¢ he levels of both i sensitive to the environment. In the model, the effect of small
The effect of asymmetry on the levels of both macrocycles can g, ironmental variations can be simulated by a change of the

be readily gathered from the following and will not be treated. g¢3jing factor of the diagonal element which, in turn, results in
Diagonalization yields the results reported in Table 2 where 5 ghift of the center of the spectroscopically active band.

the infrared intensities are calculated assuming that each local Figyre 3 presents two selected regions of the spectra of the
oscillator has intensity one and that its contribution to the normal catenane and the parent macrocycle in KBr and Csl. We limit
mode intensity is given by the square of its component in the the comparison to the amide band Il aneQ stretching regions
eigenvector. Inspection of the table shows that introduction of gnd the N-H stretching region. Remarkably, in the case of
the asymmetry redestributes the intensity and spreads even morghe catenane, upon going from KBr to Csl, the amide Il and
the active frequencies. Sidebands are predicted to arise at lowC=0 stretching bands are upshifted by & cm 1, while the
and high frequencies. In practice, the resultis a larger line width NH stretching band is upshifted by 30 ctn These frequency
for the C=0 stretch region. Interestingly, the model also shifts are very nearly absent{ cn?) in the spectra of the
predicts a larger line width for the catenane than for the parent parent macrocycle. In agreement with the model, the line width
macrocycle. of the spectrum of the catenane is larger than that of the
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