Electronic Supplementary Material (ESI) for CrystEngComm.
This journal is © The Royal Society of Chemistry 2021

Supporting Information
5-[(Pyren-9-ylmethyl)amino]isophthalic Acid with Nitrogen Containing Heterocylces:
Stacking, N-H-w Interactions and Photoluminescence

Jagajiban Sendh, Munendra Pal Singh, Jubaraj B. Baruah

List of Figures and Tables

Captions of Figures and Tables

Figure 1S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L-DMF.

Figure 2S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L.

Figure 3S: 'THNMR (600 MHz, DMSO-d¢) H,L-0.5Phen.

Figure 4S: 'THNMR (600 MHz, DMSO-dy) spectra of (H44 Bipyridine)*(HL)".

Figure 5S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L-PTDA.

Figure 6S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L-Caffeine-3H,O.

Figure 7S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L-DMPA.

Figure 8S: (A) IR spectra of (a) H,L-DMF, (b) H,L+-0.5Phen, (c) (H44 Bipyridine)*(HL),

(d) H,L-DMPA, (e) H,L-Caffeine:3H,0 and (f) H,L-PTDA. (B) Comparisons of IR spectra of

H,L-0.5Phen and (H44 Bipyridine)*(HL)" with parent components.

Figure 9S: (a) UV-vis spectra of the solid samples of H,L and co-crystals, (b) UV-visible
spectrum of H,L in DMSO (103 M).

Figure 10S: Hirshfeld surfaces of (a) H,L-DMF; (b) H,L-DMPA; (c) H,L-Caffeine:3H,0;
(d) (H44 Bipyridine)*(HL)"; (e) H,L-:0.5Phen and (f) H,L-PTDA.

Figure 11S: Fingerprint plots for (a) H,L-DMF; (b) H,L-DMPA; (c) H,L-Caffeine-:3H,O0;
(d) (H44’Bipyridine)*(HL); (e) H,L-:0.5Phen and (f) H,L- PTDA (OH interactions
highlighted in blue color.

Figure 12S: HOMO of (a) H,L; (b) H,L.DMF; (c) H,L.DMPA; (d) (H44 Bipyridine)"(HL);
(e) H,L-0.5Phen and (f) H,L-PTDA.

Figure 13S: LUMO of (a) H,L; (b) H,LL-DMF; (c) H,L:-DMPA; (d) (H44 Bipyridine)*(HL);

1



() H,L-0.5Phen and (f) H,L-PTDA.

Figure 14S: Time resolved fluorescence emission of solid sample of H,Li (Aex = 375 nm, Aepy =
460 nm).

Figure 15S: Time resolved fluorescence emission of solid sample of H,L:-DMF (A, = 375nm,
Aem =470 nm).

Figure 16S: Time resolved fluorescence emission of solid sample of H,L-Caffeine:3H,0 (A =
375 nm, Ay, =415 nm).

Figure 17S: The crystal structures drawn using POV-Ray of (a) H,L.DMF; (b) H,L.DMPA; (¢c)
H,L-Caffeine-:3H,0; (d) (H44 Bipyridine)*(HL); (e) H,L:0.5Phen and (f) H,L-PTDA
(Color code : Red = Oxygen, Blue = Nitrogen, white = Hydrogen, cyan = Carbon atoms).

Figure 18S : 'THNMR (600MHz, DMSO-dy) titration of H,L with different amounts of caffeine.

Figure 19S : Decrease in fluorescence emission intensity of H,L in DMSO (103 M, 3 mL) upon
addition of different aliquots of caffeine solution in DMSO (10-3> M, 20uL in each aliquot).

Figure 20S : The pH titration of the H,L (2 ml of ImM in DMF) (i) sodium hydroxide (1 mM
in water), (ii) PTDA, (iii) Phenazine, (iv) 4,4 -bipyridine, (v) DMPA, (vi) Caffeine (in these
cases ImM of respective compound in DMF).

Figure 21S: The thermogram of H,L-Caffeine-:3H,0 (heating rate 10°C/min).

Figure 22S: The powder X-ray diffraction patterns of the H,L-Caffeine:3H,0, (a) simulate
from the crystallographic information file and experimentally determined from powdered
sample (a) in the hydrated form, (c) after heating the sample at 110°C for 2hrs PXRD was
recorded at room temperature.

Table 1S: Selected lists of peaks of IR with assignments of the solvates, cocrystals and salt

Table 2S: Hydrogen bond parameters of solvate, co-crystals and salt of H,L.
Table 3S: Contributions from different interactions calculated from Hirshfeld surface analysis
by using the CIF files of the H,L solvate, cocrystals and salt.

Table 4S: HOMO-LUMO energy obtained from DFT calculation for H,L and its solvate, co-
crystals and salt.

Table 5S: Fluorescence life-time decay data for the H,L and its solvate, co-crystals and salt.




Spectroscopic data for the cocrystals:

H,L-DMF: Isolated yield: 62 %. 'THNMR (600 MHz, DMSO, ppm): 12.97 (2H, s), 8.46 (1H, d, J
= 9.2 Hz), 8.29 (5§ H, m), 8.16 (1H, s), 8.09 (2H, dt, J = 7.5, 3.6Hz), 7.95 (1H, s from C-H of
DMF), 7.70 (1H, s), 7.47 (2H, s), 7.06 (1H, t, J =5.5 Hz), 5.07 (2H, d, J = 5.4 Hz) 2.86 (s, N-
Me), 2.76 (s N-Me). IR (KBr): 3502 (m), 3425 (s), 3124 (m), 1668 (s), 1601 (s), 1515 (s), 1424
(m), 1316 (m), 1262 (m), 1216 (s), 1089 (m), 924 (m), 837 (s), 810 (s), 755 (s), 708 (m), 667 (s),
539 (m), 486 (m). UV-vis (solid, Ayax, nm) 400 nm. THNMR of crude sample of H,L without
DMF: 'THNMR (600 MHz, DMSO, ppm) :12.97 (2H, bs), 8.46 (1H, d, J=9.2 Hz), 8.29 (5H, m),
8.16 (1H, s), 8.11 — 8.07 (2H, m), 7.71 (1 H, s), 7.47 (2H, s), 7.05 (1H, t, J = 5.3 Hz), 5.07 (2H,
d,J =53 Hz).

H,L-DMPA Isolated yield: 66 %. 'HNMR (600 MHz, DMSO, ppm) :12.89 (2H, s), 8.47 (1H, d,
J =9.2 Hz), 838 — 8.21 (5H, m), 8.16 (1H, s), 8.09 (2H, t, J = 7.2 Hz), 7.71 (1H, s), 7.48 (2H,
s), 7.02 (1H, s), 6.33 (2H, d, J = 10.2 Hz), 5.07 (2H, d, J =5.1 Hz), 2.16 (6H, s). IR (KBr, cm™')
3506 (w), 3401 (w), 3294 (w), 3178 (m), 1883 (br,w), 1688(s), 1664 (s), 1599 (s), 1507 (w),
1459 (m), 1365 (s), 1269 (s), 851(s), 756 (s). UV-vis (solid, Ayax) 397 nm.

H,L-Caffeine-3H,0: Isolated yield of crystals: 15 %. 'HNMR (600 MHz, DMSO, ppm): 12.97
(2H, s), 8.47 (1H, d, J =9.2), 8.30 (5H, m), 8.16 (1H, d, J/ = 1.6 Hz), 8.12 — 8.07 (2H, m), 8.01
(1H, s), 7.70 (1H, s), 7.47 (2H, s), 7.06 (1H, t, J = 5.4 Hz), 5.08 (2H, d = 5.3 Hz), 3.87 (3H, s),
3.41 (3H, s), 3.21 (3H, s). IR (KBr, cm): 3506 (bw), 3277 (m), 2851 (m), 1665 (m), 1658 (m),
1636 (s), 1597 (s), 1526 (m), 1430 (s), 1354 (m), 1231 (s). UV-vis (solid, Apay) 398 nm.

(H44 Bipyridine)"(HL)": Isolated yield: 69 %. '"HNMR (600 MHz, DMSO, ppm) :12.97 (2H,
bs), 8.73 (4H, d, J = 6.0 Hz), 8.47 (1H, d, J = 9.2 Hz), 8.34-8.24 (5H, m), 8.17 (1H, s), 8.12 —
8.06 (2H, m), 7.84 (4H, dd, J = 4.5, 1.6 Hz), 7.70 (1H, s), 7.47 (2H, s), 7.05 (1H, t, J= 5.4 Hz),
5.08 (2H, d, J = 5.4 Hz). IR (KBr, cm™") 3473 (w), 3361 (m), 3044 (w), 1699 (s), 1587 (s), 1527
(s), 1461 (s), 1407 (s), 1272 (m), 1208 (s), 840 (s), 795 (s). UV-vis (solid, Ayax) 328 nm, 420 nm.



H,L-0.5Phen: Isolated yield: 68 %. '"H NMR (600 MHz, DMSO) 12.94 (bs, 2H), 8.46 (1H, d, J
=9.2 Hz), 8.32 (2H, dd, J = 14.3, 7.7 Hz), 8.28 (5H, m), 8.16 (1H, d, J = 1.6 Hz), 8.12 — 8.05
(2H,m), 7.98 (2H dd, J = 6.7, 3.4 Hz), 7.70 (1H, s), 7.47 (2H, s), 7.05 (1H t, J = 5.3 Hz), 5.07
(2H, d, J = 5.4 Hz). IR (KBr): 3429 (w), 3130 (w, br), 1706 (s), 1695 (m), 1669 (m), 1608 (s),
1510 (s), 1467 (m), 1417 (w), 1366 (m), 1291 (m), 1182 (s), 1136 (s). UV-vis (solid, Ampa) 390-
437 (br) nm.

H,L-PTDA: Isolated yield: 61 %. "THNMR [(600 MHz, DMSO, ppm): 12.97 (2H, bs), 8.47 (1H,
d, /J=9.2), 8.34 - 8.23 (5 H, m), 8.16 (1H, s), 8.13 — 8.04 (2H, m), 7.95 (2H, s), 7.70 (1H, s),
7.58-7.39 (5H, m), 7.04 (1H, t, J = 5.5Hz), 6.77 (4H, s), 5.07 (2H, d, J = 5.4). IR (KBr, cm™!)
3437 (m), 3317 (m), 3178 (m, br), 1693 (s), 1620 (s), 1582 (s), 1529 (s), 1493 (m), 1391 (s),
1248 (s). UV-vis (solid, Apax) 307 nm, 390 nm.
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Figure 1S: 'THNMR (400 MHz, DMSO-ds) spectra of H,L-DMF.
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Figure 2S: 'HNMR (400 MHz, DMSO-ds) spectra of H,L.
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Figure 3S: 'THNMR (600 MHz, DMSO-ds) H,L-0.5Phen



Foo't | n ~
Lo & e -
s =
T
O [ N
~ +
- 2
i = | @
=& 3 & = ra
e 2 o= é
|~ = L
.n L j
-]
<« A <
0s'T = = Bt 2 - v
o [ m
= D
] & < &
L ¢ [ A a
~ H 052~ [&
F n.(l\ €L~
[} 68'C2— =]
e & o Jo IR
-2 m e J..\J,‘oo 1 =
= L=
L0's = o | 23] .
L0'S e —=50'c 3 .
L & I} o [~
M~ [ rJ.) w2
g i~ L0's re
= E he] ,
-] T 80'S
- L=
| n= @) ~
- o
Po'L ] m r86'p |
S0'L & = J%oo.ﬂ I &
894 3 =iy A L2
i 60'T | N LL9 ~
€8'L 2 —dooy | ™ N €0'Ly
€8'L ) H SPL ~
By i FIET 3
2= r M hv.h
8L wie "
: % " S6'Le L&
80'8 & o ] 80's
60'8 4 s0'sf =
60'8 " i N 60's PR
or'8 K or's Leot
or's n = o E
i = St
e 2 “« 2 2
A sz'8 ~S6'T | =
s 8, i M sT's b
6C'8 e & = '8 F8T'T
oc's \J vy L T 128 t M
ze's e n 62'8
ve's -3 I el oe's lers | o
ob'g 1€'8 o
i ] ze'8
Ly's | o | = w PE'S | =
Nh.m @ - 50 op's ]
€L'8 o '8 Feow |
Le L & La

1.5 0.5

25

5.5 4.5 3.5

1 (ppm)

10.5 9.5 8.5 7.5 6.5

11.5

Figure 5S: 'HNMR (400 MHz, DMSO-ds) spectra of H,L-PTDA.
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Figure 6S: 'THNMR (400 MHz, DMSO-dg) spectra of H,L-Caffeine-3H,0
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Figure 7S: 'THNMR (400 MHz, DMSO-dy) spectra of H,L-DMPA.
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Figure 8S: (A) IR spectra of (a) H,L-DMF, (b) H,L-0.5Phen, (c) (H44 Bipyridine)*(HL)",
(d) H,L-DMPA, (e) H,L-Caffeine-3H,0 and (f) H,L-PTDA. (B) Comparisons of IR spectra of
H,L-0.5Phen and (H44 Bipyridine)*(HL)- with parent components.

Table 1S: Selected lists of peaks of IR with assignments of the solvates, cocrystals and salt

Compound /Solvate/salt IR-stretching (cm’!, assignment)
HzL'DMF 3502 (VO—H)

3425 (VN-H)

3102 (vC-H)

2500-2800 (Vacid—aldehydic synthon)

1668 (Vc=0, DMF)

1658 (VC:O, carboxylic acid)

1601 (ve=c)
H,L-PTDA 3437 (Va)

3178 (VC-H)

1693 (cho)

1620 (Vec)
H,L-0.5Phen 3429 (vnom

3130 (Ve

1706 (Vo1 overtone)

1695 (Vc:o)

1669 (veo)
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Table 2S: Hydrogen bond parameters of solvate, co-crystals and salt of H,L

Compound D-H---A dp.y (A) di-a(d)  dpoa(d) 2D-H--A (°)
H,L-DMF O(1)-H(1A)—-0(5) [-1+x,y.2] 0.82 1.77 2.584(4) 176
O(4)-H(#)-0(2) [x,-1+y,2] 0.82 1.81 2.619(3) 167
C(26)-H(26)---0(2) [1+x,y.7] 0.93 2.44 3.142(4) 133
) O(1)-H(1A)--N(3) [x,-1+y,1+2] 0.89(3) 1.833)  2.708(3) 170(3)
H,L°"DMPA N(Q2)-HQA) --0(3) [x,y,-1+2] 0.91(3) 1.94(3) 2.834(3) 168(2)
N(2)-H(2B)---0(2) [x,1+y,-1+7] 0.89(3) 1983)  2.844(3) 164(2)
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0(4)-H(4)N(@) [x,y,1+Z] 0.99(4) 1.68(4) 2.668(3) 173(3)

H,L-Caffeine-3H,0 N(1)-H(1)-"N(@) [-14x,y,z] 0.85(8) 2.24(8) 3.076(11)  169(9)
O(1)-H(1A)--0(2) [-1-x,1-y,1-Z] 0.82 1.83 2.652(10) 175
0(3)-H(3) - 0(1) [1+x,y,Z] 0.82 2.60 3316(11) 147
O(7)-H(7A)--0(3) [1-x,1-y,1-z] 0.85 1.80 2.598(12) 156
O(7)-H(7B)---0(8) [x.,y.Z] 0.85 1.94 2785(19) 177
C(16)-H(16)---0(2) [1+x,y,z] 0.93 2.50 3356(13) 153
C(28)-H(28B)-O(4) [1-x,1-y,1-Z] 0.96 2.49 3.423(14) 163
C(33)-H(33A)-0(5) [x.y.z] 0.96 2.50 3.182(15) 128
(H44’Bipyridine)*(HL)  N(1)-H(1)-~-O(3) [3-x,1-y,1-Z] 0.99(8) 2.13(7) 3.113(8) 174(7)
O(1)-H(1A)-O(4) [3-x,1-y,z] 0.93(6) 1.79(6) 2.698(7) 163(6)
N(3)-H(3A) --0(4) [3-x,1-y,1-Z] 0.88(6) 1.70(5) 2.570(8) 176(10)
C(7)-H(7)---0(1) [3-x,1-y,-2] 0.93 2.38 3.232(8) 152
C(33)-H(33)-0(2) [x,y,1+z] 0.93 2.34 3.223(9) 159
H,L-0.5Phen O(1)-H(1A)-N(2) [1-x,1-y,Z] 0.82 1.99 2.794(3) 165
0(4)-H(4)--0(2) [1+x,y,7] 0.82 1.91 2.696(4) 161
C(30)-H(30)~-0(2) [1-x,1-y,-Z] 0.93 241 3.308(4) 162
H,L'PTDA
0(2)-HQ2) - "N(4) [-x,-y,1-Z] 0.82 1.99 2.803(3) 171
NQ2)-HQA)--0(4) [1+x,y,-1+7] 0.86 2.26 3.039(3) 151
N(Q2)-H22B) --0(4) [1-x,1-y,1-Z] 0.86 2.05 2.871(3) 159
0(3)-H(BA)*N(3) [1-x,1-y,1-7] 0.82 1.95 2.758(3) 170
N(5)-H(5A)---O(1) [-x,-y,1-Z] 0.90(3) 1.96(3) 2.857(4) 175(3)
N(5)-H(5B)~-O(1) [1+x,y,-1+2] 0.91(3) 2.10(3) 3.000(4) 168(3)

(@) (b) (©)
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Figure 10S: Hirshfeld surfaces of (a) H,L-DMF; (b) H,L.DMPA; (c) H,L-Caffeine:3H,0; (d)
(H44 Bipyridine)*(HL); () H,L-0.5Phen and (f) H,L-PTDA.

de de de
28 ™ To — T 238 28
- --H 22.1% - 0--H 17.3% e i 0-+H26.1%
24 2.4
22 2.2
2.0 2.0
18 1.8]
16 1.8
4 14
12 12|
10 1.0]
0.8) 08|
06 06
U6 U8 TU T TA 16 T8 ZU I 78 ¥ U6 U8 10 T TZ 16 18 L) £ 1) 2.3 TE U8 10 T T 16 18 20 T & 2.3
(a) (b) (c)
“H € ”d € ”de :
0--H24.3% 0--H182% 0-H142%
K 6| 26 2
22|
24 24
20
2| 2.2
1.8 20 20)
1.6| 1.8} 18|
1.4 1.6} 16|
1.2] 1.4} 1.4
1.2 12|
1.0
1.0} 1.0)
0.3
08 08
0§
0.6 0.6 T T T T
d d d
U5 U8 T.0 T2 T4 16 18 20 22 2% T UE TU Tz T4 TE TE 70 7578 U5 US TU T TF 15 TE U 77 7F 5
(d) (e) ®
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Table 3S: Contributions from different interactions calculated from Hirshfeld surface analysis
by using the CIF files of the H,L solvate, cocrystals and salt

Bond H,L-DMF H,L- DMPA  H,L- Caffeine  (H44 Bipyridine) H,L-0.5Ph  H,L-
-H,0 “(HLY en PTDA
00 0.5 0.1 1.1 0.7 0.8 0.1
N-O 0.4 0.3 0.0 0.1 0.0 0.7
c-0 1.0 0.8 3.3 0.9 L5 22
H-0 22.1 17.3 26.1 243 182 14.2
CcN 0.2 1.0 35 0.4 1.2 0.8
N-H 0.2 4.2 2.2 13 1.9 5.4
c-H 26.1 253 17.8 25.8 26.2 349
cC 102 78 6.5 8.4 11.6 42
H-H 39.3 432 39.4 38.2 38.6 37.4

(d)
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Figure 12S: HOMO of (a) H,L; (b) H,L.DMF; (c) H,L.DMPA; (d) (H44 Bipyridine)*(HL);
(e) H,L+0.5Phen and (f) H,L-.PTDA.
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Figure 13S: LUMO of (a) H,L; (b) H,L-DMF; (c) H,L-DMPA; (d) (H44 Bipyridine)*(HL);
(e) H,L-0.5Phen and (f) H,L-PTDA.

Table 4S: HOMO-LUMO energy obtained from DFT calculation for H,L and its solvate, co-
crystals and salt

Compounds HOMO (eV) LUMO (eV) Energy difference
= HOMO-LUMO (eV)

H,L -5.3304 -1.6272 3.7032
H,L-DMF -5.1543 -1.4797 3.6746
H,L-DMPA -5.2700 -1.5396 3.7304
(H44'Bipyridine)"(HL) -5.2790 -1.9994 3.2796
H,L-0.5Phen -5.2621 -2.7298 2.5323
H,L-PTDA -5.4218 -1.6892 3.7326
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Figure 14S: Time resolved fluorescence emission of solid sample of HyLi (Aex = 375 nm, A, =
460 nm).
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Figure 15S: Time resolved fluorescence emission of solid sample of H,L:-DMF (A, = 375nm,
Aem =470 nm).
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Figure 16S: Time resolved fluorescence emission of solid sample of H,L-Caffeine:3H,0 (A =
375 nm, Ay, = 415 nm).
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Figure 17S: The crystal structures drawn using POV-Ray of (a) H,L.DMF; (b) H,L.DMPA; (c)
H,L-Caffeine-3H,0; (d) (H44 Bipyridine)*(HL); (¢) H,L-:0.5Phen and (f) H,L-PTDA (Color
code : Red = Oxygen, Blue = Nitrogen, white = Hydrogen, cyan = Carbon atoms).
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H:L + Caffeine (2.0 eq)
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Figure 18S: "THNMR (600MHz, DMSO-dg) titration of H,L with different amounts of caffeine.
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Figure 19S: (a) Decrease in the fluorescence emission intensities of H,L in DMSO (10 M, 3
mL) upon addition of different aliquots of caffeine solution in DMSO (10 M, 20uL in each
aliquot).
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Table 5S: Fluorescence life-time decay data for the H,L and its solvate, co-crystals and salt

H,L or Cocrystal Exponential f; (%) 1 ©
component (ns)
H,L 1 82.033  0.560  1.000
2 17.967 3.078
H,L-DMF 1 24.107  0.526  0.999
2 36.518  2.494
3 39.375  9.688
H2L-Caffeine-3H,0 1 30.078 1.330 1.134
2 69.922 3911

v)
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Figure 20S : The pH titrations of the H,L (2 ml of 1mM in DMF) with (i) Caffeine, (ii) PTDA,
(ii1) Phenazine, (iv) 4,4"-Bipyridine, (v) DMPA, (vi) (ImM of respective compound in DMF).
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Figure 21S: The thermogram of H,L-Caffeine:3H,O (heating rate 10°C/min)
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Figure 22S: The powder X-ray diffraction patterns of the H,L-Caffeine-3H,0, (a) simulate from
the crystallographic information file and experimentally determined from powdered sample (a)
in the hydrated form, (c) after heating the sample at 110°C for 2 hrs PXRD was recorded at room

temperature.
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