Chapter 3
Synthesised Structures oN,N’-bis(glyciny)-pyromellitic

diimide and its Charge Transfer Complexes

3.1 Introduction

N,N’-bis(glycinyl)-pyromellitic diimide is a functionamolecule that rapidly self
assembles to form charge transfer (CT) complexés @ectron donors (Barooagt
al., 2003). It is able to do this by being relativéigt as well as containing electron
withdrawing groups which are in close proximitytibh@ aromatic ring (Barooadt al,
2003). These electron withdrawing carbonyl groupthdvaw the electron density
associated with the aromatic ring, thereby makihgt tpart of the molecule
electrophilic. This electrophilic character alloi@ the attraction of nucleophilic
aromatic rings, thereby leading to a vast arrayho$t-guest chemistry options
(Kishikawaet al, 1999). In this chapteN,N’-bis(glycinyl)-pyromellitic diimide CT
structures were synthesised, analysed and compattedhose previously published
by Barooalet al (2006).

3.2 Experimental

3.2.1 Synthesis oN,N’-bis(glycinyD)-pyromellitic diimide (qgly-L)

Pyromellitic dianhydride (1.09g, 5mmol) and glycif@e75g, 10mmol) were added to
a 200ml round bottom flask containing boiling sterad 30ml glacial acetic acid.
The resulting mixture was allowed to reflux for aggmately 10-12 hours at 130°C.
The product was then filtered and washed with coédhanol and acetone to remove
any remaining starting material, and recrystalisegdMF. The resulting crystals

were then washed with cold methanol and a yiel@886 was obtained.

3.2.2Charge Transfer Complex Formation.

A method was adapted from Barooah al. (2006), in which the 42mg of the
N,N’-bis(glycinyl)-pyromellitic diimide (gly-L)was dissolved in 7.5ml of methanol.

The molar equivalent of the appropriate aromaticnpound (naphthalene,
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anthracene, phenanthrene and perylene) was theohaid in 5ml chloroform to
form a 1:1 molar complex. The chloroform solutiorssthen layered on to the
methanol and allowed to evaporate. All startingemats were obtained from Sigma-

Aldrich and were analysed by NMR to check for pubefore being utilised.

3.3 Crystal Morphology

3.3.1 gly-L diimide with Various Aromatic Guests

Crystal morphology was studied using an Olympus 0546icroscope at 30x
magnification. From the resulting images it wasgiae to examine the differences

in colour and crystal morphology for all CT compéexobtained.
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Figure 3.1: Optical microscope images at 30x macatibn of gly-L host molecule,
with the addition of aromatics donors leading to @@mplex formation.

With the exception of the CT complex formed witlphthalene, the crystal structures
of anthracene, phenanthrene and perylene havepbeeinusly published by Barooah
et al. (2006). CT complex formation was observed whenstiaeting materials were
layered onto each other, and this colour was rethtluring crystal formation. Crystal
morphology showed that the host compound formedurtdss prisms whereas all the
CT complexes formed coloured needles of variousssi¢ields varied amongst all
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complexes from 40 % (gly-NAP), 42% for both (gly-ANand gly-PHEN), and 27%
for (gly-PERY)

3.4 Single Crystal X-Ray Diffraction

The CT complexes were grown with naphthalene, anthwe, phenanthrene and
perylene and analysed by single crystal X-ray ddfion (SCXRD). Attempts to
grow CT complexes with benzene, toluene, 4-amirtedmpyl, 4-amino-nitrobenzene,

indigo, nitro benzene were unsuccessful.
All CT complexes were examined on a Bruker Apeditiractometer at -10C. The

crystallographic data of all CT complexes formedhwgly-L is shown in Table 3.1

below:
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Table 3.1: Crystallographic data for gly-L and Ghmlexes.

Crystal gly-L gly-NAP gly-ANT gly-PHEN gly-PERY
Chemical formul CiaHg N2 Og | CysHig N2 Og| CzoHos N2 O10] Cog Hig N2 Og Czq Hop N2 Og
M; (g.mo™) 322.2. 460.3¢ 574.5: 510.44 584.5:
Temperature/| 173 (2 173 (2 173 (2 173 (2 173 (2
Crystal Systel Triclinic Triclinic Monoclinic Triclinic Triclinic
Space grou P-1 P-1 P2i/c P-1 P-1

alA 5.06510 (1C| 6.8824 (2 7.8443 (2 7.4922 (2 7.2399 (2
b/A 5.1913 (2 7.6078 () 16.6020 (3 7.7541 (2 8.8236 (3
c/A 12.4280 (3 | 10.4753 (2 10.3328 (2 | 20.0138 (4| 10.8033(3
al® 89.053 (2 | 79.8160 (1C 90.0( 94.0070 (1C| 80.271 (2
pl° 83.091 (2 | 70.9010 (1C| 106.0160 (1C| 99.5480 (1C| 77.204 (2
yl° 82.593 (2 | 83.9360 (1C 90.0( 95.2520 (1C| 77.724 (2
VIA® 921.707 (1€, 509.45 (2 1293.42 (5 | 1137.49 (5 652.21 (3
Z, Dcadg cn™? 1,1.71¢ 1, 1.501 2, 1.47¢ 2, 1.49( 1, 1.48¢
uw/mm ™, F(000 0.145, 17 0.115, 23 0.112, 60 0.111 52¢ 0.108, 30.
Crystal size/mr 0.39x0.28> 0.55%x0.20> 0.59x0.12> 0.3¢x 0.11%x| 0.57x 0.09 x
0.03 0.11 0.10 0.08 0.4
Absorption carectior None None None None None
Omad® 34.61 28.21 29.9¢ 28.3( 28.41
h,k, | (min, max | (-8, 8), 8, 8), (-9, 9), +10, | (-11, 11),-21, (-9,9),+9, | (-9,9), 11,
(-19, 18) | 10), (-13,13 23),(-13,14) 10), (-26, 26, 11), (-14, 14
Reflections ollectec 11551 827( 15791 2941¢ 1043(
Unique reflection 2691 251¢ 374(C 561( 328¢
Observed reflectiol 132¢ 205( 2467 3017 211:
No. of paramete 10¢ 15E 19¢ 34z 19¢
Rint 0.066" 0.048¢ 0.053: 0.078¢ 0.071(
R, Wk, 0.0495, 0.0384, | 0.0492, 0.1113 0.0429, | 0.0432,0.09
0.0968 0.0987 0.0857
R1, Wk, (all data 0.1252, 0.0481, | 0.0775,0.1217 0.0968, 0.0753,
0.1141 0.1040 0.1120 0.1046
GoF 0.89i 1.05¢ 1.02¢t 0.90¢ 0.91%
DBrmax Domin (€ A7) | 0.285,-0.34¢| 0.300,-0.24: 0.270,-0.357| 0.268,-23C | 0.223,-0.23:
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Table 3.1 indicates that all structures except dby-ANT crystallised out in a
centrosymmetric space group-1), with a triclinic crystal system. This commanal
amongst structures indicates similar packing aearents of molecules within the

unit cell. The host molecule structure (gly-L) cained the highest crystal density.

Comparing these structures obtained through SCXdRBwed us to further compare
and contrast the molecular interactions amongstCall complexes, as discussed
below.

3.5 Structural Analysis

3.5.1N,N’-bis(glycinyl)-pyromellitic diimide (gly-L)

Figure 3.2: Ortep diagram for gly-L drawn at thé&®probability level.

gly-L crystallises as colourless prisms in a trij P-1 system. The asymmetric unit
contains half the molecule, which occupies a ceotri@version. With the exception
of the carboxylic acid groups, the molecule is tretdy planar as indicated in the
figure 3.2. This planarity coupled with polar cangbgroups andc acceptor sites are
crucial for the formation of host guest complexeghwsuitable donor aromatic
compounds. A key feature of this molecule is tilams arrangement of the carboxylic
acid groups, which occurs at an angle of 112\0ih respect to the aromatic plane.

The consequence of this geometry is the formatioa step like arrangement of
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molecules through moderate inter-molecular hydrdgemding, as outlined in figure
3.3.

3.5.1.1 Hydrogen Bonding
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Figure 3.3: Two dimensional layer of gly-L molealli@teracting through hydrogen

bonding between carboxylic acids.

The above figure illustrates a two dimensional esien of the crystal structure of
gly-L. This molecule self assembles through intelenular hydrogen bonding
between the carboxylic acid groups through —-@4:+02 (d o102 2.730A;

L D—H-A 158.56°) which leads to a hydrogen bonded rinfindd by the R,(8)
graph set. Crystal packing indicated the preserfcetacked/layered structure in
which the H-bonded ribbons of molecules do notdiyeoverlap over each other.
Instead they form an offset 2D stacking arrangematht an angle of 72.03N1-N1-
N1) coupled with an inter-planar distance of 3.2Bétween adjacent 2D layers.
According to Barooalet al (2006) the offset stacking arrangement happens to
maximise the dipolar interactions betweenithaectrons and the hydrogen atoms on
the diimide unit.
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Space filling representation of the 2D stacks ttesl the formation of small voids,
thus permitting the incorporation of a donor molecm charge complex structures,

figure 3.4.

Figure 3.4: Space fill diagram of a 2D layer, irading the presence of voids in the

structure of gly-L.
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3.5.2 Charge Transfer Complexes

03a

gly-ANT
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gly-PERY

Figure 3.5: Ortep diagrams of CT complexes drawth@&b0% probability level.

CT complex crystals vary in colour due to electcortharge being transferred from a
donor to an acceptor molecule. The difference actebnic charge depends on the
strength of the interaction between the donor aw@tor, and is directly linked to
the size, shape and conjugation of the aromati@o@olours varied from light

yellow (gly-NAP), to yellow @ly-PHEN), to orangedly-ANT) and lastly to redgly-
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PERY). Of all the CT complexes formed with gly-L, ongly-ANT contained a
methanol solvent molecule within its unit cell, wbas gly-PHEN was disordered
across two positions. All the CT complexes weretrosymmetric, with additional
symmetry elements fagly-ANT in the form of a glide plane and a two-fold radati

axis. All the aromatic compounds used formed andolecular complex with gly-L.

The formation of the CT complexes leads to the stdjent of the terminarans
carboxylic acid geometry (N1-C2-C1) of the host esale. Angles deviated from
the original 112.08to 112.58 (gly-NAP), 115.12 (gly-ANT), 114.88 and 110.22
(gly-PHEN) and 114.54gly-PERY). This difference is due to the accomntimtaof
the donor and solvent molecules. Each carboxylid gooup within the complexes
contained the same angle of rotation, except fgfPHIEN due to distortion of the

host.
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3.5.2.1 Hydrogen Bonding of CT Complexes
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Figure 3.6: Two dimension layer formation through iGteractions and H-bonding.
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Moderate inter-molecular hydrogen bonding betwem®m ¢arboxylic acid groups
allows each CT complex to extend infinitely in twiamensions with a step-like
arrangement, as indicated in figure 3.6. The bemgths and angles associated with
each CT extension is given in table 3.2. A ) hydrogen bonding ring pattern was
observed forgly-NAP, gly-ANT and gly-PERY, whereas a & (12) pattern was
adopted for by-ANT. The difference in bonding patterns is ditiied to the
incorporation of the methanol molecules between #daxylic bridges. All CT
complexes exhibit symmetrical packing of aromatampounds, except fogly-
PHEN which contains alternate stacking arrangemaintise phenanthrene molecule,
due to its shape. The accommodation of the dondecules also leads to a change in
the 2D offset stacking arrangement of the host oubds. The offset stacking angles
changed from 72.02(gly-L) to 85.48 (gly-NAP), 63.7G (gly-ANT), 63.98 (gly-
PHEN) and 56.62(gly-PERY). This illustrates that an increase imratic size

decreases the 2D offset stacking angle.

Table 3.2: Intermolecular hydrogen bonding betwgbnL molecules in the CT

complexes studied.

CT complex Interaction B-H/A H--A/A D--A/A L D—H--A/°
gly-NAP O1_H-02 0.840 1.790 2.629(2) 176.42(7)
gly-ANT O1—H—05 0.840 1.882 2.626(2) 146.93(8)
gly-ANT 05—H--02 0.840 1.865 2.694(2) 168.89(9)
gly-PHEN 02_H-01 0.840 1873 2.707(2) 172.36(10)
gly-PHEN O7—H-08 0.839 1.826 2.625(2) 158.49(9)
gly-PERY O1_H-02 0.840 1.793 2.615(2) 165.72(8)

Both gly-NAP and gly-PERYtarboxylate bridges are equidistant, whereas tite gl
ANT and gly-PHEN are not. This is due to the in@rgtion of the solvent methanol
molecules for gly-ANT and the alternate stackinguagements of the phenanthrene

molecules found in gly-PHEN.
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All CT complexes are further stabilised by wealerattions, such as GHD, CH-n
and 7w interactions, between the host molecules (gly-#-tgland the host guest
molecules (gly-L—aromatic). These interactions énathe structure to extend
infinitely into in the second and third dimensid2D(and 3D) (figure 3.7 and table
3.3).

Figure 3.7: Weak (C-HO) intermolecular hydrogen bonding amongst terminal

(navy bonds, 2D) and planar carbonyl groups (tuisgj@BD) in gly-NAP.

Two dimensional stacking occurs mainly through-@M interactions amongst the
terminal carbonyl and the aromatic donor moleculés 2D stacks of gly-PHEN and
gly-PERY are further stabilised by GHt and CO-n interactions. [C8H8a-Cg:
dc.x 3.269A; LD—H-A 132.00° and C1005-Cg. c.x 3.523A; LD—H:A
60.90° (gly-PHEN) and G2H2a-Cg: d c.r 3.607A; LD—H-A 141.00°
C7—03-Cg d c¢.x 3.611A; LD—H-A 7235 and C304-Cg
c-z 3.450A; L_D—H-A 72.64° (gly-PERY)].

a7



Table 3.3: CH 'O interactions stabilising layers in the various €ilictures.

CT complex Interaction B-H/A H--A/A D--A/A L D—H--A/°
gly-NAP C8—H--02 0.950 2.504 3.554(9) 117.91(9)
gly-ANT C8—H-02 0.950 2.690 3.641(3) 128.22(10)
gly-PHEN C22-H--01 0.951 2.661 3.612(3) 135.02(10)

Table 3.4: List of weak gly-L—gly-L (g-g) and arotitagly-L (a-q) CH--O

interactions stabilising the CT complexes studied.

CT complex Interaction B-H/A H--A/A D--A/A L D—H--A/°
gly-NAP (g-9) C5_H-—03 0.950 2.540 3.490(2) 130.13(8)
gly-NAP (a-g) CO_H-03 0.950 2.514 3.464(10) 134.09(8)
gly-ANT( g-g) C2—Hg 04 0.990 2.515 3.505(3) 128.89(9)
gly-ANT (a-g) Cl4—H-03 0.950 2.697 3.647(2) 172.07(10)

gly-PHEN (g-g)|  C2-H.--03 0.991 2.696 3.687(3) 159.80(10)
gly-PHEN (a-g)| _ C19-H—06 0.950 2.562 3.512(3) 149.30(10)
gly-PHEN (a-g)|  C29-H-~O4 0.950 2.461 3.411(3) 131.09(10)
gly-PERY (a-g)|  C16-H—04 0.950 2678 3.628(3) 173.37(10)
gly-PERY (a-g)| _ C13-H-04 0.951 2.479 3.430(2) 162.40(10)

CT structures extend to form step-like arrangem#gmtsugh moderate intermolecular
hydrogen bonding and charge transfer related ictierss within the 2D stacking
arrangements. With the exception of gly-ANT, all 8@cked sheets amongst the CT
complexes align up in a parallel fashion resulim¢he extension of the structure into
the third dimension. This configuration adoptedtbg CT complexes is due to the
formation of CH--O interactions between the 2D parallel sheets, wisiclue to host-
host and host guest interactions. gly-ANT adoptsgaag conformation between the
adjacent stacked sheets of the complex due to HreQinteractions between the
methanol molecules of the one layer with the diencarbonyls of another. The
methanol molecules incorporate within the carbdxytiges of gly-ANT and serves
to further stabilise the framework through weakeintolecular hydrogen bonding
C5—H--05 (dcs-05 3.544A; L D—H-A 169.00°).
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Figure 3.8: Three dimensional extension of gly-AMdicating zigzag arrangement

between adjacent sheets.

All CT complexes formea: - interactions which where responsible for the $itsbi
and stacking arrangement found within each stractimterplanarr:--n distances
between the aromatic donor and the host molecalptor) varied amongst the CT
complexes, with gly-NAP having a close8ty-Cg interplanar distance of 3.40A,
gly-ANT (3.50A), gly-PHEN (3.31A and 3.56A) and ¢gBERY (3.37A). Only gly-
PHEN contained two different distances betweenhihgt and the aromatic donor,
and this was due to the alternate stacking arraagemof the phenanthrene
molecules. Allz--n interactions found within the CT complexes werdghwi the
normal range of 3.6A as defined by Hunter and cokers (1990).

3.6 Lattice Energy Calculations

Lattice energy calculations were performed using @prop module of the OPiX
program(Gavezzotti, 2003)These calculated energies correspond to the melecu
molecule interactions and was used to identify Wwimmlecular geometries contribute

most to the overall lattice stabilisation. From tatculations performed on the gly-L
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host and CT complexes, total lattice energies 88-80kJ/mol were calculated for
gly-ANT, -628.80kJ/mol for gly-PERY, -563.60kJ/miokr gly-PHEN, -517.40kJ/mol
for gly-NAP and -444.80kJ/mol for gly-L. All CT cqnlexes revealed three similar
molecular arrangements that make the most significantribution the total lattice
energy of the structures. These molecular arrangEmeoincided with CTr-nt
interactions (I), OH-O interaction between the carboxylic bridges @hd aromatic
hydrogen (ArH) bonding to planar diimide carboni) (Ill). The arrangement of
these molecules with respect to the host moledubek) is illustrated below using

gly-NAP as an example (figure 3.9) along with threspective energies (table 3.5).

()

Figure 3.9: Structural arrangement of moleculegifgil. CT complexes contributing

most to the stability of the structure.
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Table 3.5: Energy values (kJ.rfplassociated with common molecular

conformations adopted by all structures using gly-L

Structure gly-L gly-NAP gly-ANT gly-PHEN gly-PERY
Interaction

0] T -53.4 -65.8 -65.2 & -61.1 -72.0

(1 O-H--O -49.7 -48.0 -25.6 &-21.0 -49.3&-424 -47.5
my | Ar-H--0O -26.0 -10.0 -13.7 &-11.9-32.3

Table 3.5 indicates that gly-PHEN contains two ealior interactions (I)-(Ill). This
is due to the phenanthrene molecule being disaddever two positions due to the
asymmetric shape of the molecule with each valymresenting one of these
orientations. Besides the energies associated thwthmolecular interactions above,
there are arrangements that were unique to indaiductures. These included 3D
offset stacking of the host molecule found in the-lg structures associated with
energy contributions of -61.3kJ/mol and -44.4kJ/rfwl gly-L (figure Al1.1). The
host molecule associated with gly-L and gly-PERYudures adopted the same
molecular arrangement with stabilising energies -80.1kJ/mol (gly-L) and
-14.2kJ/mol (gly-PERY). This energy is correspondeda CH:-O interaction
between the alkyl and terminal glycinyl carbonyQ)3roup within the 3D layers.

The three other CT complexes (gly-NAP, gly-ANT agly-PHEN) each had an
energy contribution of -13.8kJ/mol, -17.8kJ/moll.4kJ/mol. This stabilising energy
corresponds to the molecular arrangement coinciditiyy a CH O interaction, from

the alkyl group to the planar IC carbonyl, withihet3D structure. Of all the
structures only gly-ANT has a molecular orientatwithin the 3D structure in which

ArH interacts with the GC carbonyl. This orientaticesulted in a stabilising energy
of -31.7kJ/mol, and is due to the presence of tlehamol molecules within the

structure.

The tabulated (table 3.5) data obtained from tkiecéaenergy calculations indicated

that themost significant stabilising energies for the CTngbexes were due to-n
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interactions, and 3D offset stacking of the hostemale (gly-L).From the above table
and the obtained lattice energy calculation, it wased that the most significant
stabilising energies for the CT complexes weretdue - interactions, and 3D offset
stacking of the host molecule (gly-LT.he next most important contributions to
lattice energy wereéhe OH O carboxylic bridges. The molecular arrangements of
the third, fourth and fifth most stabilising intetions varied amongst all structures.
Interactions included CHO interactions between the alkyl and aromatic hgdro
groups with the IC and GC carbonyl groups, to theakvOH-O interaction. (See

appendix for full molecule-molecule interactions).

3.7 PXRD Data
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Figure 3.10: Experimental X-ray powder diffractigrattern of gly-L and CT
complexes.

All PXRD data was obtained by grinding samplesiiraad placing them in a Bruker
D2 Phaser diffractometer. Figure 3.10 illustrates various observed PXRD pattern
for structures. The observed PXRD patterns forlghnd gly-ANT did not correlate
well with the calculated powder patterns. A reaBmrthis deviation in the gly-ANT
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pattern could be due to solvent evaporation of arah upon grinding, and the
presence of an impurity in the form of starting emet for gly-L. The other CT
complex experimental powder patterns were foundhé&dch the calculated powder

patterns using their respective single crystal,deautlined in the appendix.

3.8 Thermal Analysis

3.8.1) Thermogravimetric Analysis (TGA)
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Figure 3.11: Thermogravimetric trace for gly-L &Dd@d complexes.

The TGA analysis of the CT complexes all showedabde step formations, ranging
from two to four steps. The above figure 3.11 iatks a two step decomposition of
gly-L. This material is thermally stable up to teengtures of 35C, which was then
followed by a weight loss of 78.6% (17.25mg) foe thirst step, followed by an
additional loss of 17.1% (3.76mg) after 837 It was noted that all CT complexes
followed the same degradation pattern of gly-Leahperatures higher than 380
Thermal stability of the CT complexes varied frod0’C for gly-NAP, 165C for
gly-PHEN and 28%C for gly-PERY. Loss of the donor in each of theS&
complexes leads to a weight loss of 20.8% (2.46m3¢Yo (4.41mg) and 25%
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(2.96mg) respectively. gly-ANT contained methanolvent molecules that were
liberated below 10, and resulted in a weight loss of 5.6% (0.53mdpived by an
additional 44.5% (4.21mg) due to loss of anthracahéemperatures higher than
16C¢°C.

3.8.2 Differential Scanning Calorimetry (DSC)

gly-PERY, 2.7800mg
_.'\_\_
aly-PHEN, 3.5600 mg W

ghy-NAP, 5.1300 mg N ("
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Figure 3.12: DSC curves of heat flow (mW) vs. terapgre C) for gly-L and CT
complexes.

The DSC curve obtained for the gly-L and CT cometeare indicated in the figure
above. The DSC scan for gly-L indicates that théene melts over a range 295-
336°C, and shows two endotherms with integrated vahfie413.54mJ and -99.77mJ
respectively. From these integral values a totéthapy value of -38.0kJ/mol was
obtained. The melting points observed from the B8&ns were significantly lower
when compared to the thermal stability data obthimethe TGA. Both TGA and

DSC data obtained indicates that an increase irordeize increases the thermal
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stability of CT complexes. The DSC scan associatetl the gly-NAP complex
indicates that naphthalene escapes over a ranj¢2e213C, with a peak value of
147.44C and an enthalpy value of -81.7kJ/mol. The gly-AKdan indicated the
liberation of the solvent molecules at a tempestuelow 117C, followed by the
melting of anthracene. gly-PHEN indicated a twagstanelting of the phenanthrene
molecules at 203.3C and 219.3%& and was responsible for an enthalpy of fusion of
-23.9kJ/mol. From all DSC scans gly-PERY was thiy oomplex to contain a single
peak with a melting point of 34282 correlating to an enthalpy of -94.7kJ/mol.

3.9 Spectral Analysis

3.9.1 Solid state UV-Vis

—agly-PERY
gly-PHEN

—gly-ANT

—agly-NAP

Absorbance

300 400 500 600 700 800
Wavelength (nm)

Figure 3.13: Solid state UV-Vis spectra for gly-II €omplexes reported here.

Figure 3.13 shows the UV-Vis absorption spectrthesolid state of the various CT
complexes formed with gly-L. All CT complexes exihitsansition bands at different
positions as is due to the difference in electrattiarge being transferred from a
donor to an acceptor molecule. All the complexesepk for gly-PERY contain at

least two transition bands. The band energiesrdiffieongst the CT complexes, with
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gly-ANT absorbing at the lowest energy band of 148iol at 800nm, followed by
gly-PERY with 166kJ/mol at 721nm, gly-NAP with 2QBknol at 597nm and lastly
gly-PHEN with 205kJ/mol (584nm).

3.9.2 Liquid state UV-Vis

3
3 2 A —aly-PERY
E gly-PHEN
S ——gly-ANT
[72]
2 —aly-
< 1 aly-NAP

O I I

250 350 450 550

Wavelength (nm)

Figure 3.14: UV-Vis spectra for CT complexes formgth gly-L measured in

solution.

The above UV-Vis spectra indicate the absorbanceddaf the CT complexes
formed with gly-L. The number of absorption bandsolution differed amongst the
CT complex with gly-NAP containing two bands ocaugrat 300-350nm, gly-ANT
having five bands at 300-380nm and both gly-PHEMN giy-PERY containing three
bands between 300-340nm and 350-450nm respectividdg. UV-Vis spectra
obtained for the CT complexes are consistent with results obtained by Barooah

(2006).

The liquid and solid UV-Vis spectra indicate difat absorption energies for each of

the CT complexes. The solid state illustrates mlogrer absorption energies (from
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800nm) when compared to the liquid state (from #60nThe most noticeable
difference between these spectra is that gly-ANS the lowest absorption energy
within the solid state whereas gly-PERY has theelstwabsorption energy in the
liquid state.

3.9.3 IR-Spectrum
Table 3.6: Infrared spectral data for gly-L and €&Mmplexes.

Complexes Ar (C-H)| Ar (C-H) Cc=0 C-N COOH C-H
(donor) (acceptor)

gly-L (cm™) 738M 812 W 1708 M 1116M 1708M & 1392M
1244M

gly-NAP (cni®) 739S 891 W 1710M 1116M 1710S| 1384 -

&1250M 1400M

gly-ANT (cm™) 730S 889M 1702M 1184 W 170M & 1384 -

1251 W 1400M

gly-PHEN(cn) 738S 817W 1714M 1118 M 1714M & 1382-

1238M 1400M

gly-PERY(cm’) | 740M & 815M 1714M 1122M 1714 - 1381-

769S 1253M 1402M

The above table indicates the spectral bands assigngly-L and all CT complexes.
The peaks obtained for each spectrum occurredmili@ expected ranges, as seen in
the table above. All spectra appeared to be verylasi and the assignments were
consistent with the general structure of the hastthe CT complexes. The carbonyl
groups (C=0 and O=C-OH) overlap each other buktiean additional peak which
verifies the existence of the carboxylic acid i240-1320 crit. gly-PERY was the
only complex to contain an additional C-H aromalimor peak, thereby indicated by

the presence of two C-H donor peaks.

Table 3.7: Expected values for assigned spectraldavww.cem.msu.edu).

Assignment Range (M
Ar (C—H) (donor) 725-760 STRONG
Ar (C-H) (acceptor) 800-900 WEAK

C=0 1695-1725

C-N 1000-1250

COOH 1700-1725
1210-1320

C-H, 1350-1470
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3.10 Further Experimentation

Once the structures CT complexes were obtainechdurexperimentation was
undertaken to try and form new CT complexes. Ia fursuit mixtures of anthracene
and phenanthrene, anthracene and perylene, phesamtland naphthalene were
utilised in a 1:1 ratio with gly-L. It was found &h the first reaction containing
anthracene and phenanthrene with gly-L, solelytéethe formation of gly-ANT, as

observed by optical microscopy. This result is ¢steat with the lattice energy
lattice energy calculation in which the gly-ANT stture (lattice energy

-688.90kJ/mal was much more stable than the gly-PHEN struc(lattice energy

-563.60kJ/mal

The above lattice calculations and UV-Vis resuksd to the formation of a
interesting experiment, in which two donors similarabsorption and lattice energy
were both placed into a vial containing gly-L malkss. The crystallisation of
anthracene and perylene as well as naphthalenpreranthrene with the gly-L host
molecule lead to the formation of both crystal nimipgies, as observed by optical
microscopy.

Other potential donors in the form benzene, inddgamino-biphenyl and 4-amino-
nitrobenzene were also tested, but attempts to fGTm complexes with these
compounds were unsuccessful yielding starting riadtenly. It is likely that larger

aromatic rings systems (>5 rings) would have akleeHead to the formation of CT
complexes; however these molecules would be diffitn use due to solubility

issues.

The glycinyl positions on the pyromellitic dianhidk were also substituted with
larger or more planar molecules. These inclugladbnine,y-amino—butyric acid and
4-aminopyridine. From these three attempts @éfanine and-amino—butyric acid
ligand crystals were successfully grown. Thalanine derivative was synthesised

and characterised by Dr. Manoj Kuchunnoonny, weithay-amino—butyric acid
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was grown and is presented in this study. Unfotelgathe more planar
4-aminopyridine derivative could not be recryssdtl, hence no crystals of this

structure could be obtained.

3.11 Discussion

Crystallisation experiments of gly-L host molecw&h various aromatic molecules
resulted in the formation of CT complexes. CT coempk obtained in this study all
adopted the same morphology but varied in colohis Tormation of colour amongst
the CT complexes was due to the difference in mlaat charge being transferred
from a donor to an acceptor molecule. This diffeeeim charge varies amongst donor
molecules and depends on its conjugation, size smape. Thus in trying to
understand the nature of these coloured compldédgber characterisation through

SCXRD, and various analytical techniques were peréal.

The main technique utilised in this research ptojeas SCXRD, which showed the
various packing arrangements of the host as wellCas complexes. All CT

complexes reported here crystallise in a tricliorgstal system with d&-1 space

group except for gly-ANT which crystallise in motioec P2,/c. The molecular

structures adopted by all CT complexes showed adbrior acceptor ratio. CT
complexes were formed primarily due to Gif-n interactions and extensive
hydrogen bonding interactions through the carbaxgkid groups, thereby forming
2D stacked structures. Donor acceptor planar distaffor all complexes were well
within the limit of 3.6A set out by Huntest al (1990). gly-PHEN was the only
complex to contain a full molecule in the asymneetrnit due to the asymmetric

shape of the phenanthrene donor molecule.

All structures adopted a’®8) hydrogen bonded dimer pattern, except for g¥A
It was noted that the carboxylic acid groups asdedi with gly-ANT included
methanol solvent molecules that were incorporatémlthe carboxylic bridges (figure

3.6). Thereby leading to a*R12) hydrogen bonded ring pettern. Tthens geometry
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of the carboxylic acid indicates a decrease indfifeet stacking angle as the the size

of the donor increases.

With the exception of gly-ANT, all 2D sheets amantige CT complexes align in a
parallel fashion resulting in the extension of str@icture into the third dimension.

gly-ANT adopts a zigzag arrangement due to--@H interactions between the
adjacent sheets (figure 3.8) due to the methandécutes. Extension into the third
dimension is stabilised by various intermoleculaH-€® hydrogen bonding

interactions between the host-host and host-guekgomles.

Lattice energy calculations revealed that the nmiable structure from all CT
complexes was gly-ANT-688.90kJ/mol) followed by gly-PERY, gly-PHEN and
gly-NAP. Each structure contained a unique set ollegular arrangements, of which
three were common to all CT complexes. These imdudT =---n stacking, and

various hydrogen bond interactions.

The PXRD patterns showed that the calculated arskrobd pattern were very
similar for all CT complexes except for gly-ANT agty-L. The discrepancy in the
gly-ANT patterns could be due to the evaporationnodéthanol upon grinding.

Whereas the deviation observed for gly-L could thebaited to starting material.

Both TGA and DSC scans indicated the same thereta\bor of structures, in the
sense that as size of the donor increases so itothermal stability. gly-ANT is
the only structure that was not consistent witk thend due to the addition of solvent

molecules within its structure.

Both the solid UV-Vis and liquid state UV-Vis dified when compared to each other
indicating the effect of the crystal environmentstes the liquid environment on such
spectra. The most noticeable difference amongstwioespectra is that the lowest

energy within the solid state corresponds to glyTAMhereas gly-PERY contains the
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lowest energy in the liquid state. The IR spectran gly-L and CT complexes
showed that all peaks are within the expected arayel are consistent with the

general structure of host molecule and CT complexes
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