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Figure S1. Yield of the quadruple-decker compounds 1-12 as a function of the rare
earth ionic radius M"".

Figure S2. IR spectra of
{[Pc(OCsgH17)s]EU[Pc(OCsH17)s]Cd[Pc(OCsH17)s] EU[PC(OCsH17)s]} (5) in
the region of 400-4000 cm™ with 2 cm™ resolution.

Figure S3. Cyclic voltammetry of {[Pc(OCgH17)s] Th-[Pc(OCgH17)s]Cd-

[Pc(OCgH17)s] Tb[Pc(OCgH17)s]} (7) in CH,CI, containing 0.1 M [NBu,4][CIO,] at
scan rate of 40 mV/s.

Table S1. Mass spectroscopic and elemental analysis data for the compounds 1-12.

Table S2. *H NMR data (8) and corresponding assignments for the compounds 1-12
in CDC|3

Table S3. Electronic absorption data for the compounds 1-12 in toluene.

Table S4. Half-wave redox potentials of the compounds 1-12(V vs SCE) in CH,ClI,
containing 0.1 M TBAP.

Table S5. The effective imaginary third order molecular hyperpolarizability Im{®}
value of the compounds 1-12 in toluene solution under an open-aperture
configuration.
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Figure S1. Yield of the quadruple-decker compounds 1-12 as a function of the
rare earth ionic radius M"".
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Figure S2. IR spectrum of

{[Pc(OCsH17)s] EU[Pc(OCsH17)s] Cd[Pc(OCsH17)s] EU[PC(OCgH17)s]} (5) in
the region of 400-4000cm™ with 2cm™ resolution.
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Figure S3. Cyclic voltammetry

{[PC(OCgH17)8]Tb[PC(OC8H17)8]Cd[PC(OCgH17)8]Tb[PC(OC8H17)8]}

CH,Cl;, containing 0.1 M [NBu4][CIO,] at scan rate of 40 mV/s.

(7)

of
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Table S1. Mass spectroscopic and elemental analysis data for the compounds 1-12.%

Compound Yield (%) M* (m/2)° Analysis (96)"
C H N

CaaaHsreCAN305 Y (1)° 30 64415 (64412)  70.46 (71.58) 8.86 (9.01) 6.83 (6.96)
CaaaHs76CANa,05Pr, (2)° 27 65453 (6545.2)  70.25(70.45) 8.87 (8.87) 6.83 (6.85)
CaaeHs76CdN305Nds (3)° 42 65471 (6547.2)  69.29 (70.37) 8.72 (8.86) 6.72 (6.84)
CaaaHs76CdNa,05SM, (4) 59 6567.9 (6567.2)  70.24 (70.24) 8.84 (8.84) 6.83 (6.83)
CaaaHs76CAN3,05E U (5)° 62 6560.0 (6569.2)  69.13 (70.21)  8.70 (8.82) 6.70 (6.82)
CaaaHs76CdN3,05,Gds (6)° 55 6578.9 (6579.2)  69.90 (70.10) 8.83 (8.82) 6.79 (6.81)
CaaaHs76CdN3,035 Ty (7)° 50 6581.4 (6581.2)  69.87 (70.06) 8.83 (8.82) 6.79 (6.81)
CaaaHs76CAN,05Dys (8) 48 6500.7 (6591.2)  69.68 (69.98) 8.85 (8.81) 6.70 (6.80)
CaaaHs76CdN3,05H0 (9)° 2 6503.6 (6593.2)  68.87 (69.93) 8.67 (8.80) 6.68 (6.80)
CaaaHs76CAN305ET (10)° 33 65051 (6595.2)  69.50 (69.88) 8.41 (8.80) 6.85 (6.79)
CaaaHs76CAN,05 T, (11)° 19 6600.9 (6601.2)  69.47 (69.85) 8.81 (8.79) 6.75 (6.79)
CaaaHs76CAN,05 YDy (12)° 1 6611.0 (6611.2)  69.57 (69.76) 8.79 (8.78) 6.76 (6.78)

@ Calculated values given in parentheses. ® By MALDI-TOF mass spectrometry. The value corresponds to the most abundant isotopic peak of
the protonated molecular ion M*. ¢ Contain 1.0 equiv. of solvated CHCI3.? Contain 1.0 equiv. of solvated H,0. ¢ Contain 2.0 equiv. of solvated
H,0.
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Table S2. *H NMR data (6) and assignments of the quandruple complexes in CDCls.

Complex location H* -OCH,- -OCH,(CH,)s- -OCH,(CH,)¢CHjs
1 outer 9.47 (s, 16H)  3.33 (m, 32H) 0.87 (t, 48H)
2.69-1.23 (m,
inner 10.12 (s, 16H) ~ 4.88 (m, 16H) 384H)  0.87 (t 48H)
3.92 (m, 16H)
2 outer 439 (s, 16H)  2.81 (m, 16H) 0.75 (t, 48H)
2.62 (m, 16H) 1.51-0.93 (m,
inner 5.49 (s, 16H)  3.48 (m, 16H) 384H) 0.83 (t, 48H)
3.20 (m, 16H)
3 outer 6.79 (s, 16H)  3.97 (m,32H)  1.87(m, 32H)  0.91 (t, 48H)
1.85 (m, 32H)
1.49 (m, 64H)
1.33 (m, 64H)
inner 7.12(s,16H)  4.15(m, 32H)  2.17 (m, 32H)  1.03 (t, 48H)
1.85 (m, 32H)
1.61 (m, 64H)
1.38 (m, 64H)
4 outer 8.78 (s, 16H)  5.09 (m, 16H)  2.38 (m, 32H)  0.97 (t, 48H)
4.48 (m, 16H)  2.02 (m, 32H)
1.89 (M, 64H)
1.49 (m, 64H)
inner 9.37 (s, 16H)  5.68(m,32H)  3.24 (m, 32H)  1.32 (t, 48H)
2.82 (m, 32H)
2.38 (m, 32H)
2.30 (m, 32H)
2.02 (m, 32H)
1.62 (m, 32H)
Not observed
6 outer -50.39(s, 16H)  -31.33 (m,32H) -14.78(m,64H)  -1.90 (t, 48H)
-13.49(m,32H)
-12.16(m,32H)
-9.88 (M, 32H)
-4.83 (m, 32H)
inner -52.04(s, 16H) -33.78(m, 32H) -22.07(m,32H)  -2.88 (t, 48H)
-18.90(m, 2H)
-14.78(m,32H)
-12.16(m,32H)
-9.88 (m, 32H)

-4.83 (m, 32H)




Electronic Supplementary Material (ESI) for Dalton Transactions

This journal is © The Royal Society of Chemistry 2012

outer

inner

-23.18(s, 16H)

-24.18(s, 16H)

-14.74(m, 32H)

-15.84(m, 32H)

-12.42(m,32H)
-10.20(m,32H)
-6.61 (m, 32H)
-5.31 (m, 32H)
-4.12 (m, 32H)
-2.25 (m, 32H)
-15.84(m,32H)
-10.20(m,32H)
-8.64 (m, 32H)
-6.61 (m, 32H)
-5.77 (m, 32H)
-2.25 (m, 32H)

-0.67 (t, 48H)

-1.59 (t, 48H)

outer

inner

-5.32 (s, 16H)

-6.02 (s, 16H)

-4.12 (m, 32H)

-4.29 (m, 32H)

-0.92 (m, 32H)
-0.83 (m, 32H)
-0.09 (m, 32H)
0.32 (M, 32H)
0.58 (m, 64H)
-2.62 (m, 32H)
-2.10 (m, 32H)
-1.42 (m, 32H)
-0.92 (m, 32H)
-0.47 (m, 32H)
0.32 (M, 32H)

1.20 (t, 48H)

0.78 (t, 48H)

outer

inner

7.55 (s, 16H)

7.66 (s, 16H)

4.41 (m, 16H)
4.08 (m, 16H)
4.66 (m, 32H)

2.50-1.31 (m,
384H)

0.98 (t, 48H)

1.13 (t, 48H)

10

outer

inner

8.17 (s, 16H)

12.59 (s, 16H)

5.88 (M, 32H)

11.35 (m, 32H)

5.77 (M, 64H)
3.30 (m, 32H)
2.97 (m, 32H)
2.30 (M, 32H)
2.07 (M, 32H)
-22.07(m,32H)
-18.90(m,32H)
-14.78(m,32H)
-12.16(m,32H)
-0.88 (m, 32H)
-4.83 (m, 32H)

1.42 (t, 48H)

3.88 (t, 48H)

1

outer

27.23 (s, 16H)

14.32 (m, 16H)
9.09 (m, 16H)

6.60 (M, 32H)
5.77 (m, 32H)
4.98 (m, 32H)

1.48 (t, 48H)
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inner

34.75 (s, 16H)

21.55 (m, 16H)
21.18 (m, 16H)

3.79 (m, 32H)
3.13 (m, 32H)
2.54 (M, 32H)
13.44 (m, 32H)
12.25 (m, 32H)
9.10 (M, 32H)
8.02 (M, 32H)
6.60 (M, 32H)
5.09 (m, 32H)

2.03 (t, 48H)

12

outer

inner

10.14 (s, 16H)

10.72 (s, 16H)

5.63 (M, 16H)
4.70 (m, 16H)

6.66 (M, 16H)
6.62 (M, 16H)

2.52 (M, 64H)
2.27 (M, 32H)
2.08 (M, 64H)
1.70 (m, 32H)
3.79 (m, 32H)
3.33 (m, 32H)
2.70 (M, 64H)
2.27 (M, 32H)
1.70 (m, 32H)

0.99 (t, 48H)

1.44 (t, 48H)
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Table S3. Electronic absorption data for the compounds 1-12 in toluene.
Compound Amax/nm (log €)

© 00 NOoO Ol h WN -

el
N P O

355 (5.55)
354 (5.58)
355 (5.48)
355 (5.51)
355 (5.48)
355 (5.47)
355 (5.53)
355 (5.46)
356 (5.49)
356 (5.46)
356 (5.54)
355 (5.51)

576 (4.66)
579 (4.88)
580 (4.64)
580 (4.61)
579 (4.65)
578 (4.56)
578 (4.63)
577 (4.53)
579 (4.59)
577 (4.55)
577 (4.65)
575 (4.62)

629 (5.60)
635 (5.55)
634 (5.64)
632 (5.63)
631 (5.58)
631 (5.58)
629 (5.65)
629 (5.58)
629 (5.59)
628 (5.57)
628 (5.63)
627 (5.59)

704 (4.85)
693 (4.82)
696 (4.79)
698 (4.81)
699 (4.81)
701 (4.76)
705 (4.81)
705 (4.75)
710 (4.77)
715 (4.75)
713 (4.82)
717 (4.81)

10
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Table S4. Half-wave redox potentials of the compounds 1-12(V vs SCE) in CH,ClI,

containing 0.1 M TBAP.

Compound Oxd, Oxds Oxd, Oxd; Red; Red, AEol/Z[a]
1 +0.98 +0.82 +0.40 +0.19 -0.84 -1.18 1.03
2 +091 +0.73 +050 +0.20 -0.97 -1.25 1.17
3 +0.95 +0.76 +0.49 +0.22 -094 -1.24 1.16
4 +0.94 +0.79 +0.43 +0.19 -095 -1.22 1.14
5) +0.94 +0.80 +0.41 +0.18 -095 -1.21 1.13
6 +0.90 +0.75 +0.36 +0.16 -0.93 -1.22 1.09
7 +0.85 +0.72 +0.30 +0.08 -1.00 -1.25 1.07
8 +0.88 +0.74 +0.31 +0.08 -0.98 -1.23 1.06
9 +0.86 +0.72 +0.30 +0.08 -0.97 -1.22 1.05
10 +0.89 +0.75 +0.32 +0.07 -0.98 -1.24 1.05
11 +0.86 +0.73 +0.29 +0.04 -1.00 -1.25 1.04
12 +0.86 +0.76 +0.27 +0.04 -096 -1.24 1.00

[a] AE%y, is the potential difference between the

Redl.

first oxidation and the first
reduction processes, i.e. the HOMO-LUMO gap of the complexes: AE®, = Oxd; -

11
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Table S5. The effective imaginary third order molecular hyperpolarizability Im{®}
value of the compounds 1-12 in toluene solution under an open-aperture
configuration.

Compound 1 2 3 4 5 6
Im{y¥}(x10 esu)  24.1 215 21.4 21.4 22.4 22.5
Compound 7 8 9 10 11 12

Im{y¥}(x10 esu)  22.7 22.6 20.4 20.6 20.6 21.3

12
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