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Fig. S1. CPL and PL spectra of (R)- and (S)-BIANP : Tb(hfa)3 = 1 to 1 molar ratio in EtOH-free 

chloroform. Path length 1.0 cm. ex = 300 nm. [Tb(hfa)3]0 = 1.0 × 10–4 M. Bandwidth for emission 10 

nm, bandwidth for excitation 10 nm, response time of PMT 8 sec, scanning rate 50 nm per min, and two 

scans.
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Fig. S2a. (R)- and (S)-Phanephos:Tb(hfa)3 = 
0.5:1.
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Fig. S2c. (R)- and (S)-Phanephos:Tb(hfa)3 = 2:1.
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Fig. S2d. (R)- and (S)-Phanephos:Tb(hfa)3 = 3:1.
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Fig. S2e. (R)- and (S)-Phanephos:Tb(hfa)3 = 4:1.
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Fig. S2. CPL and PL spectra as a function of (R)- and (S)-Phanephos : Tb(hfa)3 ratio in EtOH-free 

chloroform. Path length 1.0 cm. ex = 300 nm. [Tb(hfa)3]0 = 1.0 × 10–4 M. Bandwidth for emission 10 

nm, bandwidth for excitation 10 nm, response time of PMT 8 sec, scanning rate 50 nm per min, and two 

scans.
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Fig. S3. (a) (R)- and (S)-Phanephos: Tb(hfa)3 = 0.5:1. [Tb(hfa)3]0 = 1.0 x 10–4 M (final concentration), 
path length 1 mm.
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path length 1 mm

S4



-80

-40

0

40

80

0.0

0.5

1.0

1.5

2.0

250 300 350 400 450 500

(R)

(S)

Phanephos:Tb(III) = 2:1

1 mm CHCl
3

[Phanephos]
0
= 2.0x10-4 M

(c)

C
D

, 


 =
 

L
 -

 
R
 /

 M
-
1
c
m

-
1

 = 1/2 (L  + R )/10
5 M

-1cm
-1

Wavelength / nm

Fig. S3. (c) (R)- and (S)-Phanephos: Tb(hfa)3 = 2:1. [Tb(hfa)3]0 = 1.0 x 10–4 M (final concentration), 
path length 1 mm

-120

-80

-40

0

40

80

0.0

0.5

1.0

1.5

2.0

250 300 350 400 450 500

(R)

(S)

Phanephos:Tb(III) = 3:1

1 mm CHCl
3

[Phanephos]
0
= 3.0x10-4 M

(d)

C
D

, 


 =
 

L
 -

 
R
 /

 M
-
1
c
m

-
1

 = 1/2 (L  + R )/10
5 M

-1cm
-1

Wavelength / nm

Fig. S3. (d) (R)- and (S)-Phanephos: Tb(hfa)3 = 3:1. [Tb(hfa)3]0 = 1.0 x 10–4 M (final concentration), 
path length 1 mm

-160

-120

-80

-40

0

40

80

120

0.0

0.5

1.0

1.5

2.0

250 300 350 400 450 500

(R)

(S)

Phanephos:Tb(III) = 4:1

1 mm CHCl
3

[Phanephos]
0
= 4.0x10-4 M

(e)

C
D

, 


 =
 

L
 -

 
R
 /

 M
-
1
c
m

-
1

 = 1/2 (L  + R )/10
5 M

-1cm
-1

Wavelength / nm

Fig. S3. (e) (R)- and (S)-Phanephos: Tb(hfa)3 = 4:1. [Tb(hfa)3]0 = 1.0 x 10–4 M (final concentration), 
path length 1 mm
.

-60

-40

-20

0

20

40

0.0

0.5

1.0

1.5

2.0

2.5

3.0

250 300 350 400 450 500

(R)

(S)

(f)
1 mm CHCl

3

[Phanephos]
0
= 1.0x10-4 M

C
D

, 


 =
 

L
 -

 
R
 /

 M
-
1
c
m

-
1

 = 1/2 (L  + R )/10
5 M

-1cm
-1

Wavelength / nm

Fig. S3. (f) (R)- and (S)-Phanephos in the absence of Tb(hfa)3 in CHCl3. [Phanephos]0 = 1.0 x 10–4 M 
(final concentration), path length 1 mm. 

S5



-150

-120

-90

-60

-30

0

30

60

90

120

0.0

0.5

1.0

1.5

0 0.5 1 1.5 2 2.5 3 3.5 4
Molar ratio of Panephos to Tb(hfa) 3 in CHCl3

 abs at 291 nm
  = 1/2 (L  + R )/10

5 M
-1cm

-1

C
D

 a
t 2

91
 n

m
, 
 

= 
 L - 

 R
 / 

M
-1

cm
-1

(R)-CD

(S)-CD

(R)-Abs

(S)-Abs

Fig. S3. (g) The CD amplitudes at 291 nm (Abs) 
(left ordinate) and UV absorbance (Abs, right 
ordinate) as a function of Phanphos-to-Tb molar 
ratio. All data were taken from Fig. S3a–S3f.

Fig. S3. CD and UV-vis spectra of (R)- and (S)-Phanephos : Tb(hfa)3 in EtOH-free chloroform. 
[Tb(hfa)3]0 = 1.0 ×10–4 M (final concentration, fixed, path length 1 mm.). 

S6



-15

-10

-5

0

5

10

0

0.5

1

1.5

2

2.5

3

3.5

4

400 450 500 550 600 650 700

C
PL

, 1
03 

I =
 I L - 

I R
 

P
L, I = 1/2 (IL +IR )

Wavelength / nm

(R)

(S)

BINAP:Tb(III) = 1:1
[BINAP]

0
= 1.0x10-4 M

1 cm acetone

Fig. S4. CPL and PL spectra as a function of (R)- and (S)-BIANP : Tb(hfa)3 = 1 to 1 molar ratio in 

acetone. Path length 1.0 cm. ex = 300 nm. [Tb(hfa)3]0 = 1.0 × 10–4 M. Bandwidth for emission 10 nm, 

bandwidth for excitation 10 nm, response time of PMT 8 sec, scanning rate 50 nm per min, and two 

scans.

-15

-10

-5

0

5

10

0

0.5

1

1.5

2

2.5

3

3.5

4

400 450 500 550 600 650 700

C
PL

, 1
03 

I =
 I L - 

I R
 

PL, I = 1/2 (IL +IR )

Wavelength / nm

(R)

(S)

(a) Phanephos:Tb(III) = 0.5:1
[Phanephos]

0
= 0.5x10-4 M

1 cm acetone
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Fig. S5c. (R)- and (S)- Phanephos: Tb(hfa)3 = 2:1 
in acetone.
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Fig. S7. 31P-NMR spectra of (R)-Phanephos as a function of (R)-Phanephos-to-Tb(hfa)3 ratio 
in CDCl3.
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Fig. S8-c. (R)-Phanephos : Tb(hfa)3 (1:1). Fig. S8-d. (R)-Phanephos : Tb(hfa)3 (2:1).
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Fig. S8. 31P-NMR spectra of (R)-Phanephos as a function of (R)-Phanephos-to-Tb(hfa)3 ratio 
in acetone-d6.
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Fig. S9-a. 1H-NMR spectrum of (R)-Phanephos 

without Tb(hfa)3 in CDCl3.

Fig. S9-b. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (0.5:1) in CDCl3.
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Fig. S9-c. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (1:1) in CDCl3.

Fig. S9-d. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (2:1) in CDCl3.
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Fig. S9-e. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (3:1) in CDCl3.

Fig. S9-f. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (4:1) in CDCl3.

Fig. S9. 1H -NMR spectra of (R)-Phanephos as a function of (R)-Phanephos-to-Tb(hfa)3 ratio in CDCl3.
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Fig. S10-a. 1H-NMR spectrum of (R)-Phanephos 
without Tb(hfa)3 in acetone-d6

Fig. S10-b. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (0.5:1) in acetone-d6.
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Fig. S10-c. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (1:1) in acetone-d6.

Fig. S10-d. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (2:1) in acetone-d6.
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Fig. S10-e. 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (3:1) in acetone-d6.

Fig. S10-f 1H-NMR spectrum of (R)-Phanephos
with Tb(hfa)3 (4:1) in acetone-d6.

Fig. S10. 1H -NMR spectra of (R)-Phanephos as a function of (R)-Phanephos-to-Tb(hfa)3 ratio in 
acetone-d6.
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Fig. S11-a. (R)-Phanephos and Tb(hfa)3 (0.5:1). Fig. S11-b. (R)-Phanephos and Tb(hfa)3 (1:1).
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Fig. S11-c. (R)-Phanephos and Tb(hfa)3 (2:1). Fig. S11-d. (R)-Phanephos and Tb(hfa)3 (3:1).
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Fig. S11-e. (R)-Phanephos and Tb(hfa)3 (4:1).

Fig. S11. 19F-NMR spectra of Tb(hfa)3 as a function of (R)-Phanephos-to-Tb(hfa)3 ratio in CDCl3.
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Fig. S13-a. (R)-Phanephos and Tb(hfa)3 (0:1). Fig. S13-b. (R)-Phanephos and Tb(hfa)3 (0.5:1).
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Fig. S13-c. (R)-Phanephos and Tb(hfa)3 (1:1). Fig. S13-d. (R)-Phanephos and Tb(hfa)3 (2:1).
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Fig. S13-e. (R)-Phanephos and Tb(hfa)3 (3:1). Fig. S13-f. (R)-Phanephos and Tb(hfa)3 (4:1).

Fig. S13. 19F-NMR spectra of Tb(hfa)3 as a function of (R)-Phanephos-to-Tb(hfa)3 ratio in acetone-d6.
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Figure S14. High resolution mass spectra of (R)-Phanephos and Tb(hfa)3 (1:1) (a) all range, (b) 
and (c) expanded range (electrospray ionization, positive mode).

[Phanephos+ H]+ (Phanephos: C40H34P2) calcd. m/z 577.2209
[Tb(Phanephos)(hfac)2]O2

+ (C50H36O6F12P2Tb) calcd m/z 1181.1043
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Fig. S14a. (R)-BINAP: Tb(hfa)3 = 1:1 in 
acetonitrile
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Fig. S14b. (R)-BINAP: Tb(hfa)3 = 1:1 in 
methanol

Fig. S14. CPL and PL spectra as a function of (R)-BINAP : Tb(hfa)3 ratio in acetonitrile and methanol.
Path length 1.0 cm. ex = 300 nm. [Tb(hfa)3]0 = 1.0 × 10–4 M. Bandwidth for emission 10 nm, bandwidth 
for excitation 10 nm, response time of PMT 8 sec, scanning rate 50 nm per min, and two-time scans.
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