
S1

Investigation on the Origin of Variation in Photovoltaic Performance Using D-D-
π-A and D-A-π-A Triphenylimidazole Dyes with Copper Electrolyte

Palivela Siva Gangadhar,a,c‡ Anooja Jagadeesh,b,c‡Andrew Simon George,b,cGovind Reddy,a Seelam 
Prasanthkumar,a,c Suraj Soman,bc* Lingamallu Giribabua,c*

aPolymers & Functional Materials Division, CSIR-Indian Institute of Chemical Technology, Hyderabad 
500007, Telangana, India. Email: giribabu@iict.res.in

bPhotosciences and Photonics Section, Chemical Sciences and Technology Division, CSIR-National 
Institute for Interdisciplinary Science and Technology (CSIR-NIIST), Thiruvananthapuram 695019, India. 
Email: suraj@niist.res.in

cAcademy of Scientific and Innovative Research (AcSIR), Ghaziabad, New Delhi 201002, India.

‡These authors contributed equally towards the completion of this work

Electronic Supplementary Material (ESI) for Molecular Systems Design & Engineering.
This journal is © The Royal Society of Chemistry 2021

mailto:giribabu@iict.res.in


S2

Table of Contents Page 
No.

Figure S1 1H NMR spectrum (400 MHz, CDCl3) of4. S3

Figure S2 13C NMR spectrum (400 MHz,  CDCl3) of 4. S3

Figure S3 MALDI-TOF of4. S4

Figure S4 1H NMR spectrum (400 MHz,  CDCl3)of5. S4

Figure S5 13C NMR spectrum (400 MHz,  CDCl3)of5. S5

Figure S6 MALDI-TOF of5. S5

Figure S7 1H NMR spectrum (400 MHz, DMSO-d6) ofLG P 1. S6

Figure S8 13C NMR spectrum (400 MHz, DMSO-d6) of  LG P 1. S6

Figure S9 MALDI-TOF ofLG P 1. S7

Figure S10 1H NMR spectrum (400 MHz, DMSO-d6)ofLG P 3. S7

Figure S11                     13C NMR spectrum (400 MHz,  DMSO-d6) ofLG P 3. S8

Figure S12 MALDI-TOF ofLG P 3. S8

FigureS13 Absorption spectra of a) LG-P1, b) LG-P2 in THF, DMF, CAN and DCM 
respectively. 

S9

Figure S14 (a)Nyquist plot and (b) Bode plot obtained from EIS measurements under 
dark

S10

Figure S15 Transport time (τd) versus LED current plot obtained from transient 
photocurrent decay measurements

S10

TableS1 Singlet excited state properties of dyes by B3LYP method and M06-2X 
function in tetrahydrofuran solvent in PCM model

S11

Table S2 Photovoltaic parameters of LG-P1 and LG-P3 sensitizers under 0.5 sun 
and 0.1 sun conditions

S12



S3

Figure S1:1H NMR spectrum (400 MHz, CDCl3) of 4.

F
Figure S2:13C NMR spectrum (400 MHz, CDCl3) of 4.
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Figure S3:MALDI-TOF of4.

Figure S4:1H NMR spectrum (400 MHz, CDCl3) of5.
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Figure S5:13C NMR spectrum (400 MHz, CDCl3) of5.

Figure S6:MALDI-TOF of5.
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Figure S7:1H NMR spectrum (400 MHz, DMSO-d6) ofLG-P1.

Figure S8:13C NMR spectrum (400 MHz, DMSO-d6)  of  LG-P1.
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Figure S9:MALDI-TOF ofLG-P1.

Figure S10:1H NMR spectrum (400 MHz, DMSO-d6) ofLG-P3.
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Figure S11:13C NMR spectrum (400 MHz, DMSO-d6) of LG-P3.

Figure S12:MALDI-TOF ofLG-P3.
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Figure S13: Absorption spectra of a) LG-P1, b) LG-P2 in THF, DMF, CAN and DCM 
respectively. 
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Figure S14. (a)Nyquist plot and (b) Bode plot obtained from EIS measurements under dark

Figure S15.Transport time (τd) versus LED current plot obtained from transient photocurrent 
decay measurements
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Table S1.Singlet excited state properties of dyes by B3LYP method and M06-2X function in 
tetrahydrofuran solvent in PCM model.

System µga

(Debye)
HOMOa 

(eV)
LUMOa 

(eV)
Ega λabs

b

(nm)
Osb % of major molecular orbital 

contributionb

LG-P1 8.69 5.08 2.65 2.43 373 0.74 HOMO->L+1 (89%)
322 0.00 HOMO->LUMO (88%)
313 0.90 H-1->L+2 (68%), HOMO->L+2 

(16%)
306 0.01 H-3->L+1 (53%)
284 0.72 H-6->LUMO (95%)
275 0.01 H-2->L+1 (23%), H-1->L+1 

(51%)
271 0.02 H-1->L+2 (15%), HOMO->L+2 

(57%)
264 0.05 H-12->LUMO (53%), H-9-

>LUMO (30%)
260 0.40 H-1->L+3 (69%)H-2->L+2  (4%)
253 0.01 H-11->L+2 (12%), H-10->L+2 

(12%)

LG-P3 7.61 5.31 2.98 2.33 433 1.84 H-1->LUMO (36%), HOMO-
>LUMO (52%)

330 0.11 H-2->LUMO (11%), H-1-
>LUMO (28%), HOMO->LUMO 

(10%), HOMO->L+1 (17%)
321 0.59 H-1->L+1 (35%), HOMO-

>LUMO (12%), HOMO->L+1 
(14%), HOMO->L+2 (17%)

292 0.59 HOMO->LUMO (18%), HOMO-
>L+2 (50%)

284 0.02 H-10->LUMO (66%)
281 0.19 H-11->LUMO (60%)
268 0.44 H-1->L+3 (13%), HOMO->L+3 

(65%)
261 0.04 H-6->LUMO (10%) , H-2->L+1 

(13%), HOMO->L+1 (25%)
260 0.01 H-6->LUMO (10%) , HOMO-

>L+6 (10%), HOMO->L+9 
(11%)

252 0.01 H-1->L+2 (38%)
aTheoretical absorbance in nm, bOscillator strength, and cExcited state energy in eV.
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Table S2. Photovoltaic parameters of LG-P1 and LG-P3 sensitizers under 0.5 sun and 0.1 sun 

conditions

Dye
Illumination intensity 

(mW/cm2)
VOC (V)

JSC

(mA cm-2)

FF

(%)
PCE (%)

50 0.35 0.74 36.6 0.19
LG-P1

10 0.19 0.23 26.7 0.12

50 0.71 1.83 70.2 1.84
LG-P3

10 0.66 0.39 64.0 1.66


