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Transient absorption and decay component spectra of (Alq;),-OT mixed with
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"H NMR spectrum of 5,5'"'-dibromo-3,3"""-dihexyl-2,2':5',2'":5",2"""-quaterthiophene(2)
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No. |Shift1 (ppm)| H's | Type J (Hz) Multiplet1 Connections (ppm)
1 0.89 6 t 6.60 MO1 - [0.87 .. 0.93]
2 1.34 12 m - MO02 - [1.28 .. 1.42]
3 1.63 4 m - MO03 - [1.58 .. 1.67]
4 2.72 4 t 7.50 MO04 - [2.69 ..2.75]
5 6.91 2 s - MO05 - [6.89 .. 6.95]
6 6.97 2 d 3.93 MO06 MO07 [6.96 .. 7.00]
7 7.12 2 d 3.93 MO07 M06 [7.08 .. 7.16]
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'"H NMR spectrum of 3,3''"',3""""" 4'-tetrahexyl-2,2':5",2'":5",2""":5"",2"": 5", 2""""-gsexithiophene(3)
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No. [Shift1 (ppm)| H's | Type J (Hz) Multiplet1 Connections (ppm)
1 0.92 12 m - MO1 - [0.88 .. 0.97]
2 1.37 24 m - MO02 - [1.30 .. 1.46]
3 1.69 8 m - MO03 - [1.61..1.76]
4 2.80 8 m - MO04 - [2.77 .. 2.84]
5 6.95 2 d 5.20 MO05 M09 [6.92 .. 6.96]
6 6.97 2 s - MO06 - [6.96 .. 6.98]
7 7.07 2 d 3.74 MO07 M08 [7.05..7.09]
8 7.16 2 d 3.74 M08 MO07 [713..7.17]
9 7.18 2 d 5.20 M09 MO05 [7.17 .. 7.20]
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"H NMR spectrum of 5,5'"""'-dibromo-3,3"""",3""""",4'-tetrahexyl-2,2':5',2"":5",2"":5'"" 2" : 5" 2" " _sexithiophene(4)
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No. |Shift1 (ppm)| H's | Type J (Hz) Multiplet1 Connections (ppm)
1 0.91 12 m - MO1 - [0.84 .. 1.00]
2 1.35 24 m - MO02 - [1.28 .. 1.45]
3 1.65 8 m - MO03 - [1.57 .. 1.74]
4 2.75 8 m - MO04 - [2.68 .. 2.82]
5 6.90 4 br.s - MO05 - [6.87 .. 6.93]
6 7.05 2 d 3.74 MO06 MO07 [7.03 ..7.08]
7 7.15 2 d 3.74 MO07 MO06 [7.13..7.18]
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'"H NMR spectrum of 5,5'-(3,3"""",3""""" 4'-tetrahexyl-2,2':5',2"":5",2""":5"",2"""": 5", 2"""""-gexithiene-5,5""""-diyl)bis[8-(benzyloxy)quinoline] (5)
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No. [Shift1 (ppm)| H's | Type J (Hz) Multiplet1 Connections (ppm)
1 0.91 12 m - MO1 - [0.84 .. 1.01]
2 1.38 24 m - MO02 - [1.29..1.51]
3 1.72 8 m - MO03 - [1.66 .. 1.78]
4 2.84 8 m - MO04 - [2.78 .. 2.89]
5 5.51 4 s - MO05 - [5.49 .. 5.54]
6 6.98 2 s - MO06 - [6.97 .. 7.00]
7 7.01 2 S - MOo7 - [7.00 .. 7.03]
8 7.07 4 m - MO8 - [7.04..7.10]
9 717 2 d 3.74 M09 M13 [7.14..7.21]
10 7.38 6 m - M10 - [7.29 ..7.45]
11 7.52 8 m - M11 - [7.46 .. 7.60]
12 8.64 2 dd 8.56, 1.71 M12 ?,M13 [8.61 .. 8.67]
13 9.03 2 dd [4.20,1.71 M13 M09, M12 [8.99 ..9.07]
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13C NMR spectrum of 5,5'-(3,3"",3""" 4'-tetrahexyl-2,2':5',2'":5'",2'"":5"" 2151 21 _gevithiene-5,5"""-diyl)bis[8-(benzyloxy)quinoline] (5)
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No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height
1 14.10 1063.5 0.9356 9 30.62 2309.7 0.2738 17 127.02 9580.5 0.8994 25 130.77 9863.1 0.1619 33 140.05 10563.5 | 0.3239
2 22.60 1704.9 0.3526 10 31.65 2387.1 1.0000 18 127.83 9641.9 0.2145 26 133.95 10103.0 | 0.1752 34 140.52 10598.9 | 0.2106
3 22.63 17071 0.3611 11 70.72 5333.9 0.2202 19 127.86 9644.1 0.3161 27 134.07 10112.4 | 0.0981 35 149.36 11265.1 0.2055
4 29.22 2203.6 0.4188 12 109.31 8244.8 0.1821 20 128.18 9667.9 0.2280 28 134.95 10178.7 | 0.1786 36 154.20 11630.6 | 0.1788
5 29.27 2207.4 0.3843 13 121.85 9190.8 0.2106 21 128.63 9702.2 0.1611 29 136.69 10309.8 | 0.2343
6 29.43 2219.6 0.2040 14 123.90 9345.0 0.2203 22 128.65 9703.8 0.8644 30 136.73 10312.5 | 0.1880
7 29.52 2226.8 0.2049 15 124.32 9376.5 0.2591 23 130.23 9822.7 0.1747 31 138.45 104425 | 0.1671
8 30.47 2298.1 0.2766 16 126.32 9527.5 0.2485 24 130.29 9827.1 0.1351 32 139.97 10557.5 | 0.3379
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"H NMR spectrum of 5,5'-(3,3'""",3""""",4'-tetrahexyl-2,2':5',2"":5",2""":5'"' 2" 5" 2" ' _gexithiene-5,5"""""-diyl)diquinolin-8-ol (6)
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No. |Shift1 (ppm)| H's Type J (Hz) Multiplet1 Connections (ppm) No. [Shift1 (ppm)| H's Type J (Hz) Multiplet1 Connections (ppm)

1 0.92 12 m - MO1 - [0.86 .. 0.97] 8 7.18 2 d 3.74 M08 MO07 [7.16 .. 7.20]
2 1.40 24 m - MO02 - [1.32..1.49] 9 7.22 2 d 7.90 M09 M11 [7.21..7.24]
3 1.73 8 m - MO03 - [1.67 .. 1.80] 10 7.52 2 dd 8.60, 4.20 M10 M12, M13 [7.49 ..7.54]
4 2.85 8 m - M04 - [2.79 .. 2.90] 11 7.61 2 d 7.90 M11 M09 [7.58 .. 7.64]
5 7.01 2 s - MO05 - [7.00 ..7.02] 12 8.68 2 dd 8.60, 1.60 M12 M10, M13 [8.63 .. 8.74]
6 7.03 2 s - MO06 - [7.02 .. 7.05] 13 8.83 2 dd 4.20, 1.60 M13 M10, M12 [8.79 .. 8.88]
7 7.09 2 d 3.74 M07 M08 [7.07 .. 7.11]

14
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BC NMR spectrum of 5,5'<(3,3"",3"""" 4'-tetrahexyl-2,2':5',2"":5"",2'"":5""! 2"""1:5"" 21" gexithiene-5,5"""-diyl)diquinolin-8-ol (6)
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No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height No. (ppm) (Hz) Height
1 14.10 709.8 0.1478 8 29.69 1494.0 0.0592 15 123.93 6236.3 0.0306 22 130.69 6576.7 0.0299 29 140.04 7047.3 0.0377
2 22.62 1138.5 0.1010 9 30.49 1534.3 0.0260 16 126.34 6357.7 0.0225 23 134.04 6745.0 0.0316 30 140.09 7049.5 0.0452
3 22.65 1139.6 0.0832 10 30.66 1543.1 0.0265 17 126.81 6381.5 0.0251 24 134.55 6770.7 0.0193 31 147.86 7440.5 0.0229
4 29.24 1471.2 0.0522 1" 31.68 1594.1 0.1202 18 128.65 6474.0 0.0139 25 135.01 6793.8 0.0311 32 152.25 7661.7 0.0161
5 29.31 1474.9 0.0408 12 109.54 5512.2 0.0199 19 129.26 6504.8 0.0204 26 136.73 6880.8 0.0282
6 29.46 1482.6 0.0297 13 122.15 6146.8 0.0221 20 130.00 6542.2 0.0125 27 138.31 6960.0 0.0376
7 29.56 1487.7 0.0253 14 122.74 6176.5 0.0332 21 130.23 6553.6 0.0250 28 138.64 6976.5 0.0270
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"H NMR spectrum of (Alq3),-OT
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Quenching of compound 5, Alqs and (Alq3)2-OT and in the presence of PCBM

Quenching via the dissociation of PCBM to compound 5. Alq; and (Alqs3),-OT would give values of quenching coefficients (k) around 10" 5", The values of kq calculated from the intensities
0

of Table 1 (from Figure 3) according to Stern Volmer equation ( ;P—L =1+ky7o[QL 1 pY = emission intensity without quencher, /p; = emission intensity in the presence of quencher PCBM, 1, =
PL

lifetime without quencher, [Q] = concentration of the quencher) are larger than 10'' s™' for all three compounds. This means that the quenching process does not involve the dissociation of the
PCBM molecule. Thus, PCBM is associated with the compounds in the solutions.

TCSPC decay curves of the (Alq3),-OT and PCBM film samples and DAS spectra of (Alq;3),-OT and PCBM in CHCl;

T T T T T T T T T T 1,5 T T T T T
10000 1 20
. 12f 4
——(Algs)s-OT 15}
A —(Alg:)-OTPCBM=1:0025] & | ey
E ——(Alq:}-OTPCBM=1:005 { 3 ?~e(x;|“°)5 A, el 1
o 0T _— @10} —== (Algz)z- Al ns, 2
S 100 ———(Algz)-OTPCBM=1:0.09 1§ g —4+— (Alga)2-OT (14 ns) 1 %o o =483 ]
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Y e
1 00 E m 4 0,0 La= 4"":'_'7. |‘ +7f_’ —% o _o o
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Figure S1. TCSPC decay curves of the studied (Alq ;) ,-OT and PCBM films (left), DAS of (Alg;),-OT (0.22 mM) and mixture of (Alq;),-OT (0.22 mM) and PCBM (0.84 mM) in CHCI; with
excitation wavelengths 405 nm (center) and 483 nm (right).

Table of the solar cell results with compound 5

Table S1. Photovoltaic parameters of the cells with compound 5 as an additional compound in the active layer.

Cell structure Jse best Voc. best FF pes M best Nave

Mass ratio of the components (mA/cm?) V) (%) (%) (%)
ITOEIS?J]I; H%P fg?gé& [Au -3.40 0.53 60.26 2.94 2.58
lgg'iﬁ'ggﬁ; :Cfg[rﬂ’?glég“ 3.19 0.50 59.82 2.57 2.18
8.813112':222‘5 l;TlP z;czgq(glc%l,qéﬁ&}) -3.79 0.50 55.11 2.82 2.44
Igﬂ'ﬁ‘g‘;gg‘g’ ?g};“i’g;‘ggu -3.01 0.51 5631 2.34 2.13
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Absorption and emission spectra of the evaporated films of (Alq3),-OT
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Figure S2. Absorption and emission spectra of the thermally evaporated (185 — 285 °C) 3 nm, 6.5 nm and 9.0 nm films of (Alq ) ,-OT.
DSC curve of (Alq3),-OT

Y —
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Figure S3. Differential scanning calorimetry curve of the (Alq ;) ,-OT. Thermal decomposition takes place around 400 °C.
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Transient absorption and decay component spectra of the (Alq3),-OT in the absence and presence of PCBM
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Figure S4. Transient absorption spectra of the (Alq;),-OT (0.22 mM) in the absence (left) and in the presence (right) of PCBM (0.84 mM) at 0 ps, 5 ps, 100 ps, 200 ps, 300 ps and 1000 ps after
photoexcitation at 390 nm in CHCl ;.

Excitation spectra of compound 5 and (Alq3),-OT

The excitation spectra of compound 5 and (Alq3),-OT in Figure S5 show that the excitation spectrum maxima of (Alq;),-OT and compound 5 are at 401 nm and 417 nm, respectively.
Absorption spectra of the compounds overlap, but the excitation spectrum maximum of (Alq;),-OT is blue shifted compared to that of compound 5. Emission of the oligothiophene moiety is
partly quenched due to the intramolecular electron transfer from the oligothiophene backbone to the Alq; moieties in (Alqs),-OT and the emission maximum of (Alq;),-OT shifts towards Alq;

emission maximum.

1,0x10

8,0x10°
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Intensity

4,0x10°

Intensity

2,0x10°

0’ 0 1 1 1 0,0 N 1 A 1 A 1 " 1
300 350 400 450 500 300 350 400 450 500
Wavelength, nm Wavelength, nm

Figure S5. Excitation (left) and normalized excitation spectra (right) of 0.22 mM (Alq;),-OT (dashed line) and compound 5 (solid line) in CHCI; monitoring at 550 nm and exciting from 300 nm to 520 nm.
20
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DPV curves of compound 5 and (Alq3),-OT and calculations of the HOMO and LUMO levels

Energy levels of (Alq;),-OT
The peak potential of (Alq;),-OT in the backward (negative) scan is -2.103 V for calculating the LUMO level (Figure S6, left, red line). The corresponding reduction peak in the forward
(positive) scan can be seen as a vague shoulder. The oxidation peak potential of the forward scan is 0.608 V and the corresponding peak value of the backward scan is 0.610 V. Therefore, the
half wave potential (V),) for calculating the HOMO level is 0.609 V ([0.608 V + 0.610 V] / 2). Ferrocene reference peak potentials appear at 0.230 V and 0.205 V in the forward and backward
scans, respectively (Figure S6, left, black line). V,, of ferrocene used for the energy level calculations is 0.2175 V ([0.230 V + 0.205 V] / 2).
HOMO and LUMO level calculations were based on the formal oxidation and reduction potentials observed in the DPV curves according to the following equations:

Eyomo =- (4.8 + Egigox) €V =- (4.8 +[0.609 — 0.2175]) eV =-5.1915eV =-52 eV

EvLumo = (-Eifrea T4.8) eV =(-[2.103 + 0.2175] + 4.8) eV =-2.4795 eV = -2.5eV
where 4.8 eV is the oxidation energy of ferrocene. E 4. is the difference in volts between the formal oxidation potentials of ferrocene and the measured sample. E 4,4 is the difference in volts
between the formal oxidation potential of ferrocene and the formal reduction potential of the sample.

Energy levels of compound 5
The peak potential of compound 5 reduction in the forward scan can be seen as a shoulder at -2.25 V and the corresponding shoulder value of the backward scan is -2.30 V (Figure S6, right, red
curve). Vy, of compound 5 for calculating the LUMO level is -2.275 V ([-2.25 V + -2.30] / 2). The peak around -1.5 V in the backward scan is due to some impurity. The oxidation peak
potential of the forward scan is 0.58 V and the corresponding peak value of the backward scan is 0.62 V. V,, of compound 5 for calculating the HOMO level is 0.60V ([0.58 V + 0.62 V] / 2).
Ferrocene reference peak potentials appear at 0.250 V and 0.240 V in the forward and backward scans, respectively (Figure S6, right, black line). V,, of ferrocene used for the energy level
calculations is 0.245 V ([0.250 V + 0.240 V] / 2).
HOMO and LUMO level calculations were based on the formal oxidation and reduction potentials observed in the DPV curves according to the following equations:
Eyomo =- (4.8 + Egigox) €V =- (4.8 +[0.60 — 0.245]) eV =-5.155 eV =-5.2 eV
Erumo = (-Egigrea T 4.8) €V =(-[2.275 + 0.245] +4.8) eV =-2.28 eV =-23 eV
where 4.8 eV is the oxidation energy of ferrocene. E . is the difference in volts between the formal oxidation potentials of ferrocene and the measured sample. E 4,4 is the difference in volts
between the formal oxidation potential of ferrocene and the formal reduction potential of the sample.
In the absence of clear reduction peak of compound 5 (only shoulders appear), LUMO level for the compound is calculated based on the optical band gap. Absorption maximum of the
compound appears at 423 nm and the optical band gap is 2.9334 eV. LUMO = HOMO —2.9334 eV =-5.155 eV —(2.9334 eV) =-2.2216 eV = 2.2 V.
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Figure S6. DPV curve of (Alq;),-OT (left) and compound 5 (right) in the absence (red) and presence (black) of ferrocene reference.

21




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



