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1. General

The 'H and '*C NMR spectra were taken on a Bruker DRX 300, and mass spectroscopy samples
were analyzed on a JEOL JMS-700 mass spectrometer. The highresolution mass spectra (HR
MS) were measured by electrospray ionization (ESI) with a microTOF Focus spectrometer
from SYNAPT G2 (Waters, U.K.). X-ray diffraction (XRD) pattern was recorded on a Rigaku
model Miniflex600 X-ray diffractometer with a Cu Ka radiation source. A UV-visible
spectrophotometer (Thermo Evolution 600) was used to obtain the absorption spectra. IR
spectra were obtained for KBr pellets, in the range 400-4000 cm-!, with a Shimadzu FTIR
8400S instrument. Dynamic light scattering (DLS) measurements of D-L! in the presence of
AgNO; (1.0 and 2.0 equiv.) in the surpamolecular polymerization were carried out using a
NanoZS (Malvern UK) employing a 532 nm laser at a back scattering angle of 173°. The
samples were measured in a 10 mm glass cuvette. A dead time (Time between sample loading
and starting of measurement by the machine) of around 60 seconds is present in all

measurements.

1.1 AFM observation

Atomic force microscope (AFM) imaging was performed by using XE-100 and a PPP-NCHR
10 M cantilever (Park systems). The AFM samples were prepared by spin-coating (1500 rpm)
onto freshly cleaved Muscovite Mica, and images were recorded with the AFM operating in

noncontact mode in air at RT with resolution of 1024 x 1024 pixels, using moderate scan rates

(0.3 Hz).
1.2 Circular dichroism studies

The time-dependent CD spectra were recorded on a Jasco J-815 CD spectrophotometer. CD
spectra were determined over the range of 190-700 nm using a quartz cell with 0.1 mm path
length. Scans were taken at a rate of 100 nm/min with a sampling interval of 1.0 nm and
response time of 1s. The scans were acquired for the solution sample directly at room
temperature. Anisotropic factors (gCD) of complexes were calculated by the previously

reported method.[!]

1.3 Linear dichroism studies

The Linear dichroism (LD) spectra were recorded on a Jasco J-815 Spectropolarimeter (150-L

Type). LD spectra were recorded over the range of 200-500 nm using a quartz cell with a 0.1
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mm path length. Scans were taken at a rate of 20 nm/min with a sampling interval of 0.2 nm

and a response time of 2 s.

1.4 DFT calculation of complexes and CD spectra

We performed density functional theory (DFT) calculations to optimize the ligands (B3LYP
functional + 6-31G basis set). Coordination structures of D-L! with Ag® were primarily
calculated by geometry optimization process using DFT spectra. The circular dichroism (CD)
spectra of suggested structural unit of (D-L'),Ag", D-L'AgNOs;, and (D-L');Ag(NO;),
complexes were obtained by density functional theory (DFT) calculation by Jaguar software
package. The CD spectra were calculated by time-dependent DFT (TDDFT) method!
considering excitation up to 200 singlet excited states. These calculations were done using
Becke, three-parameter, Lee-Yang-Parr (B3LYP) exchange-correlation functional®! with the
pseudopotential (LanL2DZ)4 and 6-31G basis sets for Ag and other atoms respectively. All

the calculations were performed with Gaussian 16 suit of programs.[!

1.5 Preparation of silver complexes
Different concentrations (0~2.0 equiv.) of Ag* solution were added to the ligands D-L1, L-L1,
D-L2, or D-L3 (8 mM) solution in water. Time- and temperature-dependent CD and UV-vis

spectra of complexes were measured.

1.6 Thermodynamic studies

The molar fraction of aggregated molecules (a,g,) at a certain temperature was calculated from
the absorption intensity at 334 or 336.5 nm based on Eq. 1, in which Abs(agg) and Abs(mono)
are the absorption intensities of fully aggregated (at the lowest temperature) and purely
monomeric states (at the highest temperature), respectively, and Abs(7) is the absorption

intensity at a given temperature (7).[6]
Abs(agg) - Abs(T)

=1- 1
%agg Abs(agg) - Abs(mono) @

The plot of a,, versus temperature provides heating curves with-nonsigmoidal (cooperative
mechanism) shape, which were fitted using the models proposed by Meijer et al.l’} (for
cooperative mechanism). The standard values of enthalpy (AH®), entropy (AS°), and Gibbs free
energy (AG®) were calculated using the van’t Hoff equation.

The van’t Hoff plots were produced using equation by a method that has been proposed in
previous literature.[®°] The values for the entropy change (AS) and enthalpy change (AH) as
used in the cooperative supramolecular polymerization models were obtained by fitting to the
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heating or cooling curves. 19121 These heating or cooling curves where obtained by temperature

dependent circular dichroism (CD) and UV-vis spectra.



2. Synthesis and characterization

Unless otherwise noted, chemical reagents and solvents were purchased from commercial
suppliers (Tokyo Chemical Industry (TCI), Sigma Aldrich) and used without further

purification.

2.1 Synthesis of compounds D-1 and L-1

HO Q H
o o~ NH ©
7R\ NH, (Dorl) 72N
=N > =N
— EDC, HOBt, TEA -
\ /N \ IN
DMF, MC
HO 0, HN
(o} = (o}
D1, L1

To a mixture of the 2,2'-bipyridine-5,5'-dicarboxylic acid (1.0 g, 4.1 mmol), D- or L-alanine
methyl ester hydrochloride (1.20 g, 8.6 mmol), HOBt-H,O (1.11 g, 8.2 mmol) and EDC-HCI
(2.36 g, 12.3 mmol) in CH,Cl,/DMF (4:1, 25 mL) was added TEA 3.4 mL at 0 °C. The reaction
mixture was stirred for 1 h and was heated up to room temperature. After stirring for 2 days at
room temperature, the mixture was extracted with CH,Cl, (3 x 30 mL). The combined organics
were washed with brine, dried (Na,SO,), and concentrated. The resulting crude product was
purified by recrystallization from CH,Cl,/ether to give a white solid, compound D-1 and L-1
(0.99 g, 58% for D-1 and 1.02 g, 60% for L-1). Decomposition 260 °C; IR (KBr pellet): 3319,
3049, 2997, 2955, 1736, 1635, 1592, 1526, 1460, 1321, 1279, 1241, 1216, 1168 cm!; 'TH NMR
(300 MHz, DMSO-d;) 6= 9.27 — 9.02 (m, 4H), 8.63 — 8.51 (m, 2H), 8.43 (dd, /= 8.3, 2.2 Hz,
2H), 4.55 (p, J = 7.3 Hz, 2H), 3.68 (s, 6H), 1.45 (d, J = 7.3 Hz, 6H); *C NMR (75 MHz,
DMSO-ds) o= 173.41, 164.99, 156.97, 149.16, 137.05, 130.01, 121.08, 52.47, 48.83, 17.18;
HRMS (ESI-TOF, positive mode, MeOH/H,0 1:1): m/z calculated for CoH,,N4O¢ [M+H]":
415.1618, found: 415.1618

2.2 Synthesis of compounds D-L! and L-L!

o H
n Z J\ITN. ~OH

H,N" >~ 0H r N N

- S, o]

- Qo [N
EtOH, Toluene

HO’\’N‘NJ\FN ZN
H o

D-L', L-L"
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A mixture of compound D-1 or L-1 (0.5 g, 1.2 mmol) and 2-hydroxyethylhydrazine (0.33 mL,
4.8 mmol) in a solution of ethanol (20 mL) and toluene (5 mL) was heated at 120 °C for 48 h.
The precipitate was filtered, washed with CH,Cl,, ethanol, diethyl ether and dried in vacuo to
give solid product. Finally, the desired products were purified by recrystallization in
CH,Cl,/ether to give white solid, compound D-L! and L-L! (0.47 g, 78% for D-L! and 0.49g,
80% for L-L'). mp. 231-236 °C; IR (KBr pellet): 3377, 3270, 1655, 1594, 1544, 1461, 1368,
1327, 1276, 1241, 1222 cm™'; '"H NMR (300 MHz, DMSO-ds) 6=9.52 (d, /= 0.6 Hz, 2H), 9.17
(dd, J=2.2,0.8 Hz, 2H), 8.88 (d, J = 7.4 Hz, 2H), 8.54 (dd, /= 8.3, 0.6 Hz, 2H), 8.44 (dd, J =
8.3, 2.2 Hz, 2H), 4.99(brs, 2H), 4.50(s, 4H), 3.44 (q, J = 5.7 Hz, 4H), 2.75(s, 4H), 1.38 (d, J =
7.2 Hz, 6H); *C NMR (75 MHz, DMSO-d;) o= 171.36, 164.85, 156.80, 149.31, 137.17,
130.40, 120.87,59.19, 53.95, 48.41, 18.42; HRMS (ESI-TOF, positive mode, MeOH/H,0 1:1):
m/z calculated for C,,H30NgOg [M+H]": 503.2367, found: 503.2365

2.3 Synthesis of compound D-1.2

(0] (0]
“r N ™ NH;NH,-H,0 “ N "NH,
>~ H (o] - N H o}
Q y | = N - 9 H | = N
~o N ~N EtOH, Toluene H,N. N ~N
* H *
O D_1 0

D-L2

A mixture of compound D-1 (0.5 g, 1.2 mmol) and hydrazine hydrate (0.15 mL, 4.8 mmol) in
a solution of ethanol (20 mL) and toluene (5 mL) was heated at 120 °C for 30 h. The precipitate
was filtered, washed with dimethylene chloride to remove unreacted starting material, and
dried in vacuo to give solid product. Finally, the product was purified by recrystallization in
CH,Cl, to give white solid (0.45g, 90% yield). Decomposition 285 °C; IR (KBr pellet): 3285,
3050, 1651, 1593, 1526, 1462, 1271, 1187 cm’!; 'TH NMR (300 MHz, DMSO-dj) 6= 9.33 —
9.10 (m, 4H), 8.86 (d, J= 7.5 Hz, 2H), 8.55 — 8.39 (m, 4H), 4.51 (p, J = 7.1 Hz, 2H), 4.28(s,
4H), 1.36 (d, J = 7.2 Hz, 6H); 13C NMR (75 MHz, DMSO-dy) o= 171.92, 164.79, 156.77,
149.31, 137.15, 130.43, 120.84, 48.32, 18.54; HRMS (ESI-TOF, positive mode, MeOH/H,0O
1:1): m/z calculated for C;gH;NgO4 [M+H]*: 415.1842, found: 415.1840
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2.4 Synthesis of compound D-L?

[o]
X (o)
= | HJ\W ~ HzN/v\OH
N -
o0y (YN 0 > o
EtOH, Toluene
\OAFN =N Ho/\/\uJ'kF
0 D-1

A mixture of compound D-1 (0.5 g, 1.2 mmol) and 3-amino-1-propanol (0.37 mL, 4.8 mmol)
in a solution of ethanol (20 mL) and toluene (5 mL) was heated at 120 °C for 48 h. The

precipitate was filtered, washed with CH,Cl,, ethanol, diethyl ether and dried in vacuo to give
the solid. The precipitate was filtered, washed with CH,Cl,, ethanol, diethyl ether and dried in
vacuo to give solid product. Finally, the precipitate was purefied by recrystallization from
CH,Cly/ether, to give solid 0.47 g, 78% yield). Decomposition 295 °C; IR (KBr pellet): 3359,
3292, 3100, 2936, 2873, 1641, 1593, 1527, 1459, 1248, 1186 cm'; 'H NMR (300 MHz,
DMSO-dy) 0= 9.18 (dd, J = 2.1, 0.7 Hz, 2H), 8.85 (d, J = 7.4 Hz, 2H), 8.66 — 8.32 (m, 4H),
7.98 (t, J = 5.6 Hz, 2H), 4.65 — 4.27 (m, 4H), 3.57 — 3.37 (m, 4H), 3.30 — 2.96 (m, 3H), 1.58
(p,J=6.6 Hz, 4H), 1.37 (d,J=7.2 Hz, 6H); *C NMR (75 MHz, DMSO-d;) 6= 172.47, 164.79,
156.80, 149.29, 137.14, 130.47, 120.88, 58.93, 49.57, 36.40, 32.80, 18.50; HRMS (ESI-TOF,
positive mode, MeOH/H,0 1:1): m/z calculated for Cy4H3,N¢O¢ [M+H]": 501.2462, found:
501.2458
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3. Supplementary scheme and figures

(A) At less than 0.4 equiv. of AgNO;

NO;-
DL'+Ag* +* (D-L')Ag" «* (D-L'),AgNO,

(B) At 0.5-1.3 equiv. of AgNO,
g Aggregate |

NO;~ 9
. D-L'Ag* < D-L'AgNO; +— © ° Kinetic product
e P (left-handed)
DL +Ag' i | (DL Ag’ 1l
‘\\. NO-
(D-L1);Ag,2* | < (D-L")sAgo(NOs),
Aggregate |l
T Thermodynamic
Nucleus — product

(C) At 1.4-2.0 equiv. of AQNO4 (right-handed)

NO,-
D-L'+Agt — D—L1Ag"H D-L'AgNO; * Aggregate |
Thermodynamic product
f,NaCl (left-handed)
NO,~
D-L1 + (D-L'),Ag* — (D-L');Ag,2* — (D-L');Ag,NO; =— Nucleus — Aggregate I|

Scheme S1. The formation mechanism of aggregates based on D-L! at different concentration
of AgNOs; (A) formation of (D-L1'),AgNOs, (B) the aggregate II based on (D-L');Ag,(NO3),,
and (C) the aggregate I based on D-L'AgNO;.



ESI-MS Study: When 0.4 equiv. of AgNO; was added to ligand D-L! (8§ mM), a peak for the
[(D-L'),Ag]" complex was observed at m/z 1113.3651 according to high-resolution electron
spray ionization mass spectroscopy (HR ESI-MS) (Fig. S1), which is indicative of 2:1 (D-
L:Ag") complex formation. In contrast, peaks for [(D-L'),Ag]", [(D-L');Ag,]**, and [D-
L!Ag]" complexes were observed at m/z 1113.3651, 861.2487, and 611.1343 at a 1.3:1:1.3
ratio in the presence of 1.0 equiv. of Ag*, indicating 2:1, 3:2, and 1:1 complexes, respectively
(Fig. S2 and Scheme S1). These findings demonstrate that a mixture of 2:1, 1:1, and 3:2 (D-
L:Ag") complexes is formed in the presence of 1.0 equiv. of Ag*.

More interestingly, upon aging for 240 min, the transparent solution transforms into a colloidal
suspension (Fig. S3A). The colloidal particles were isolated to obtain information on the
complex structure therein. A new peak was observed at m/z 1784.4379 in the ESI/TOF-MS
trace (Fig. S3B), which corresponds to [(D-L');Ag,NOs]* (Scheme S1). The peak for [(D-
L1);Ag,NO;]" was obtained by fragmentation of [(D-L!);Ag>(NO3),]. At 2.0 equiv. of AgNOs,
a major peak was obtained at m/z 611.1343 corresponding to [D-L'Ag]" after aging for 30 min
(Fig. S4). This peak was obtained by fragmentation of D-L'AgNOs3, implying that D-L! forms
a 1:1 complex with excess Ag". Additionally, a peak for [(D-L'),Ag,NO;]* was obtained at
m/z 1282.2551.

D-L" with AgNO; 0.4 equiv.

A [(D-L),Agl, [(D-L'),Ag,)**

1113.3651 Experimental
A Calc. for [(D-L'),Ag]*
Calc. for [(D-L1),Ag,]?*

1111 1112 1113 1114 1115 1116

m/z
[ .L ..,I&J ol |

400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S1 HR ESI-MS spectrum of D-L! with AgNOs (0.4 equiv.) in water.
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D-L" with AgNO; 1.0 equiv.

O... [D-L'Ag]*, [(D-L")Ag,]**

vr... [((D-L1);Ag,]?* (a) Experimental

A [(D-LY,Ag]*, [(D-L1),Ag.)>* Calc. for [(D-L');Ago]**
* ... [(D-L");Ag,NO,J*

611.;)343 1113.3651

(a) A
861.2487 860 861 862 863 864
e m/z
(b) Experimental
Calc. for [(D-L");Ag,NO,]*
(b)
1784.4379

*

1782 1784 1786 1788 1790
m/z

400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S2 HR ESI-MS spectrum of D-L! with AgNO; (1.0 equiv.) in water.



Colloidal particle B

Experimental
(D-L* with AgNO5 1.0 equiv.) P

Calc. for [(D-L1 NO,J*
UBLDAGNOT 204 4379
| %... [(D-L");Ag,NO, *

A —

1782 1784 1786 1788 1790

1695 1710 1725 1740 1755 1770 1785 1800
m/z

Fig. S3 (A) Photograph of D-L! with AgNO; (1.0 equiv.) after aging for 10 min (left:
transparent solution) and 240 min (right: colloidal solution). (B) HR ESI/TOF-MS spectrum of
the colloidal particle separated in mixed D-L! (8 mM) with AgNOj; (1.0 equiv.) in water.
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D-L" with AgNO; 2.0 equiv.

O... [D-L'Agl*, [(D-L"),Ag.**
®... [(D-L"),Ag,NO,J*, [(D-L"),Agy(NO;), I

(@)

611.1343
O

(b)
1282.2551
®

..‘, 1\:'
400 600 800 10001200 1400 1600 1800
m/z

Experimental
Calc. for [D-L1Ag]*
Calc. for [(D-L"),Ag,]?*

m/z
(b) Experimental
Calc. for [(D-L1),Ag,NO;]*
Calc. for [(D-L")4Ags(NOs),]**
1280 1282 1284 1286
m/z

Fig. S4 HR ESI-MS spectrum of D-L! with AgNO; (2.0 equiv.) in water.
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200

(a) 0 equiv.
(b) —— 0.4 equiv.
= 100 (c) 2.0 equiv.
Q
o
£ O
o
O -100
-200

250 300 350 400 450
Wavelength (nm)

Fig. S5 CD spectra of D-L! (8 mM) (a) without and with AgNOs (b) 0.4 and (c) 2.0 equiv. in
water.

300
(a) Colloidal particle
~ 200 -
(@)
o
100
£
0O 04
O . :
(b) Filtered solution
-100 4

250 300 350 400 450
Wavelength (nm)

Fig. S6 CD spectra of (a) the colloidal particle (the aggregate II) and (b) solution separated
from the colloidal solution produced in mixed D-L! (8 mM) with AgNOs (1.0 equiv.) in water.
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300
(a) —
= 200 )
o 2001 N
3 M + AgNO;
g 100+ [ \ No change
~ /
()] 0-\’*““’“.,.*.,.. ;" e e
(&) ~
\/
-100-
250 300 350 400 450

Wavelength (nm)

Fig. S7 CD spectra obtained before (a: red line) and after (b: green line) addition of AgNO3
(1.0 equiv.) to the aggregate II (supramolecular polymer) based on (D-L1);Ag,(NOs),) in water.
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N g~
g O O

o

CD (mdeg)

250 300 350 400 450
Wavelength (nm)

40

20 _—
10 .

a o] -
-10 -
-20

(mdeg)

C

0 60 120 180 240 300 360
Time (min)

Fig. S8 (A) Time-dependent CD spectra of D-L! (8 mM) with AgNO; (1.3 equiv.) in water.
(B) Plot for CD spectra changes of D-L! vs time in the presence of AgNOs (1.3 equiv.) at 334

nm in water.
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(a) —
—~ 200- P (b) —
o
(¢h]
E 100‘ H +D_L1
(] 0-
(®]
~100- "

250 300 350 400 450
Wavelength (nm)

Fig. S9 CD spectra obtained (a) before and (b) after addition of free ligand D-L! (0.5 equiv.)
to the aggregate I based on the D-L'AgNO; complex formed in the presence of D-L! (8 mM)
and AgNOj; (1.5 equiv.) in water.
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A 400

0.02 i =1 1 wi
300 - DL with AgNOs |
2004 &
Q -0.01
O 1004 o= %0 300 350 400 4
<] 0 avelength (nm)
-100 1
'200 T T T T
250 300 350 400 450
Wavelength (nm)
B 200 . —
100  L-L7 with AGNOs |
0
o 0.02
©) -100- 0.01
< -200 8 oo
-300 1 O 3l o 40 40
_400 Wavelength (nm)

250 300 350 400 450
Wavelength (nm)

Fig. S10 LD spectra of (A) D-L! (8§ mM), and (B) L-L! (8 mM) with 1.0 (red line), and 1.4
(blue dashed line) equiv. of AgNOj; in water after 3 h.
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A D-L" with AgBF, B D-L" with AgCIO,
200 200
—— 0.4 equiv. ——0.4 equiv.
—_ —— 1.0 equiv. —_ —— 1.0 equiv.
= 100 4 —2.0equiv. o) 100 A —— 2.0 equiv.
[} (]}
o o
g 01 g O
o o
© -100 - 0-100
'200 T T T T '200 T T T T
250 300 350 400 450 250 300 350 400 450
Wavelength (nm) Wavelength (nm)
C D-L" with AgPF, D D-L' with AgOTf
200 200
—— 0.4 equiv. —— 0.4 equiv.
— 1.0 equiv. — 1.0 equiv.
o 100+ —— 2.0 equiv. o 1001 ——2.0 equiv.
Q Q
T o
£ o il "o
o o
0-100 1 O -100 -
200 : ‘ . . -200 . ‘ . .
250 300 350 400 450 250 300 350 400 450
Wavelength (nm) Wavelength (nm)

Fig. S11 CD spectra of D-L! (8 mM) upon addition of different concentrations (0.4, 1.0, and
2.0 equiv.) of (A) AgBF,, (B) AgClOy, (C) AgPF¢, and (D) AgOTf in water.
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611.1343
1113.3651
O 861.2487

x D-L" with AgBF, 1.0 equiv.

O... [D-L'AgI*, [(D-L"),Ag:1
oo [(D-LM):Ag )
A [(D-L)Ag), [(D-LY),Ag P

400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S12 HR ESI-MS spectrum of D-L! (8 mM) with AgBF, (1.0 equiv.) in water.

611.1343
O D-L1 with AgCIO, 1.0 equiv.
1113.3651 O... [D-L'Ag]*, [(D-L"),Ag,]*
¥7... [(D-L1);Ag,)?*
861.2487 A . 1)3 gzl R
N A [(D-L)AGL, [(D-L7)4Ag,]

400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S13 HR ESI-MS spectrum of D-L! (8 mM) with AgClO, (1.0 equiv.) in water.
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611.1343
D-L" with AgPF; 1.0 equiv.

@)
1113.3651 O... [D-L'AgI*, [(D-L"),Ag,]2*
aN Y. [(D-L1):AQ,]2*
861.2487 AL [(D-LY)AQ), [(D-LY),Ag,)?*

¥

400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S14 HR ESI-MS spectrum of D-L! (8 mM) with AgPF (1.0 equiv.) in water.

611.1343 1113.3651
O N D-L" with AgOTf 1.0 equiv.
861.2487 O... [D-L'Ag]*, [(D-L"),Ag,1?*
e r... [(D-L")Ag,)2
AL [(D-LY)AQ), [(D-LY),Ag,?*
'I_ll T m— 1
400 600 800 1000 1200 1400 1600 1800
m/z

Fig. S15 HR ESI-MS spectrum of D-L! (8 mM) with AgOTf (1.0 equiv.) in water.
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(=)}

CD (mde

CD (mdeg)

-200 -
-400

D-L' with AgBF, + NaNO,

800
600 -
400 -
200 -

300 350 400 450

Wavelength (nm)

250

D-L" with AgPF, + NaNO,

800
600 4

400

——

-200

200

-400

300 350 400 450

Wavelength (nm)

250

CD (mdeg)

CD (mdeg)

D-L' with AgCIO, + NaNO

300 350 400
Wavelength (nm)

250

D-L' with AgOTf + NaNO,

450

o

-200 -
-400

I

300 350 400
Wavelength (nm)

250

450

Fig. S16 CD spectra of D-L! (§ mM) upon addition of NaNOj; (2.0 equiv.) in the presence of
(A) AgBF,4 (1.0 equiv.), (B) AgClO4 (1.0 equiv.), (C) AgPF¢ (1.0 equiv.), and (D) AgOTf (1.0
equiv.) in water; black line = D-L! + Ag* (1.0 equiv.), red line = D-L! + Ag* (1.0 equiv.) +
NaNO; (2.0 equiv.).
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*.. [(D-L")sAg,NO.J*

Experimental
Calc. for [(D-L");Ag,NO,J* 1784.4379

P

1782 1784 1786 1788 1790

ARAMLAAT R ] A LTI R LAV,
1710 1725 1740 1755 1770 1785 1800
m/z

1695

Fig. S17 HR ESI/TOF-MS spectrum of D-L! (8 mM) upon addition of NaNOs (2.0 equiv.) in
the presence of AgOTf (1.0 equiv.) in water. The peaks at m/z = 611.1343, 861.2487 and
1113.3651 were obtained by fragment of [(D-L');Ag,NOs]* (m/z = 1784.4379).

D-L2 with AgNO, 0.4 equiv.

[(D-L2)Ag]*
937.2578

N 1 VDU S A S e
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m/z

Fig. S18 HR ESI-MS spectrum of D-L? (8 mM) with 0.4 equiv. of AgNO; in water.
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D-L2 with AgNO; 1.0 equiv.

[(D-L2):Ag]"
937.2578

[D-L2Ag]*
521.0823 [(D-L2):Ag,*

728.8325 J
{1 OV I W

400 600 800 1000 1200 1400
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Fig. S19 HR ESI-MS spectrum of D-L? (8 mM) with 1.0 equiv. of AgNOj; in water.

D-L2 with AgNO; 2.0 equiv.

[D-L2Ag]*
521.0823

b

400 600 800 1000 1200 1400
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Fig. S20 HR ESI-MS spectrum of D-L? (8 mM) with 2.0 equiv. of AgNO; in water.
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Fig. S21 (A) CD spectra of D-L? (8 mM) upon addition of AgNO; in water. (B) Plot for the
CD intensity at 334 nm against the equivalents of AgNOs.
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Fig. S22 CD spectra of D-L3 (8 mM) with 0.4 (black line), 1.0 (red line), and 2.0 (blue line)
equiv. of AgNOs in water after 1 day.

D-L3 with AgNO; 1.0 equiv.
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Fig. S23 HR ESI-MS spectrum of D-L? (8 mM) with 1.0 equiv. of AgNOjs in water.
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Fig. S24 (A) CD spectra obtained upon addition of NaCl (0-2.0 equiv.) to the aggregate I based
on D-L'AgNO; complex produced from a mixed D-L! (8 mM) and AgNOs (2.0 equiv.) in
water. (B) Plot for the CD intensity against the equivalents of NaCl.
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Fig. S25 'H-NMR spectra of D-L! upon addition of AgNO; (0-2.0 equiv.) in D,O and H,O
(1:1 v/v).

Additional Explanation; The aromatic protons (H,, Hy, and H,) of D-L! shifted to the high
field upon increasing the concentration of AgNO;. The chemical pyridine protons were ca. 5-
fold larger than those of the alkyl chain protons. The relatively large chemical shifts of the
aromatic protons occurred due to the shielding effect with n—= stacking between D-L! and D-
L! via coordination bonds with Ag*. Additionally, the sharp aromatic protons peaks gradually
broadened upon addition of AgNQO;. These results also suggest that AgNO; was coordinated to
ligand D-L1.
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Fig. S26 'H-NMR spectra obtained by addition of NaNOs (1.0 equiv.) in the presence of D-L!
(8 mM) and AgOTf (1.0 equiv.) in MeOD and H,O (1:1 v/v).

Additional Explanation; The chemical shift of the amide protons (-NH) of D-L! were also
observed upon addition of Ag* in a mixture of MeOD and H,0 (1:1 v/v) due to the very slow
hydrogen-deuterium exchange of NH protons. The amide (-NH) proton of D-L! was shifted to
the low field (Ao = 0.29 ppm) upon addition of AgOTf (1.0 equiv.). This unusually large
shifting of the amide protons of D-L! with AgOTf (1.0 equiv.) in MeOD and H,O (1:1 v/v) was
due to the formation of a favorable preorganized structure that enables the formation of
intermolecular hydrogen bonds between the amide groups of D-L!. The amide (-NH) protons
were returned to the high field upon addition of NaNOs;, implying that the intermolecular
hydrogen-bonding interactions between D-L! and D-L! were weakened due to the linkage with
NOs~ between the hydrazine moiety of D-L! and D-L!. In contrast, the hydrazine (-NH) and
alcoholic protons were not observed due to their overlapping with the H,O peak.
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Fig. S27 Concentration-dependent "H-NMR spectra of pristine D-L! (8 mM) in (a) MeOD
and H,O (1:1 v/v) (b) D,0O and H,O (1:1 v/v).

Additional Explanation; No chemical shift of the -NH protons in D-L! was observed. While,
the aromatic protons were shifted to high field (Ad = —0.06 ppm) due to the formation of n—n
stacking. The findings imply that the self-assembly of pristine D-L! occurred by n—r stacking.
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Fig. S28 IR spectrum of (a) D-L! (black line), (b) the aggregate II (red line), and (c) the
aggregate | (blue line). The NO;™ anion formed the intermolecular hydrogen-bonds with amine
proton of hydrazine groups attached in D-L!.

Additional Explanation; The amide I (-C=0) band of aggregate II was shifted to low
wavenumber, which was attributed to intermolecular hydrogen-bonding interactions between
the amide groups of D-L!. Interestingly, one amide II band of D-L! appeared at 1544 cm™! was
spilt into two bands at 1555 cm™! and 1538 cm™! in aggregate II, which correspond to the amide
NH and hydrazine NH, respectively. The frequency changes of the N-H stretching bands of
aggregate II at around 3284 cm™! showed also the same tendency as the amide II band at around
1555 cm™!. The low frequency shift of the hydrazine—NH band occurred due to linkage
formation with the intermolecular hydrogen bonds between the hydrazine NH and the NO;™ in
the chiral supramolecular polymers (aggregate II). However, the amide I (-C=0) band of
aggregate I was no significantly shifted compared with that for D-L!. The hydrazine-N-H band
(ca. 1543 cm™) of aggregate I appeared at high wavenumber compared to that of aggregate II,
indicating that the intermolecular hydrogen bonds within aggregate I is weaker than that of
aggregate II. In particular, the broad AgNO; band at 1395-1327 cm™! showed a characteristic
Dj3;, symmetry,[13] whereas the sharp NO;™ band of aggregate II at 1297 cm™' showed C,,
symmetry,!'3] which also provides evidence for the intermolecular hydrogen binding of NO3~
in D-L1.
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Fig. S29 IR spectra of (a) the (D-L');Ag,*" complex formed by AgOTf and (b) the aggregate
I formed by NaNOj in the presence of the the (D-L1);Agy?" complex formed by AgOTH.

Additional Explanation; The amide I band of aggregate II ((D-L!);Agy(NO3), complex) that
formed via addition of NaNOs to D-L! in the presence of AgOTf (1.0 equiv.) shifted from 1652
cm ! to 1647 cm™!, whereas the single amide II band of D-L! with AgOTf at 1540 cm™! was
separated into two bands at 1554 cm™! and 1538 cm™!, which correspond to the amide NH and
the hydrazine NH, respectively. A relatively large frequency change for the hydrazine-NH
stretching band of D-L! was also observed upon addition of NaNOj in the presence of AgOTf
(1.0 equiv.). Notably, aggregate II was formed by the interaction between the hydrazine NH of
D-L!, the NOs™ anion, and the-NH of D-L!.
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Fig. S30 Powder XRD pattern of the aggregate II based on the (D-L1);Agy(NOs), in water.

S-33



Fig. S31 Time-dependent AFM images of pristine D-L! (8 mM) in water after aging for (A)
10 min., (B) 90 min., (C) 120 min., and (D) 2 weeks.
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Fig. S32 Time-dependent AFM images of the aggreage I produced in a mixture of D-L! (8

mM) and AgNO; (2.0 equiv.) in water after aging for (A) 10 min., (B) 90 min., (C) 120 min.,
and (D) 2 weeks. (E) Height of nanoparticles measured by AFM.
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Fig. S33 Time-dependent DLS measurements of D-L! (8 mM) in the presence of AgNOs (a)
1.0 equiv.(blue line) and (b) 2.0 equiv.(red line) in water.
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Fig. S34 (A) AFM image and (B) the thickness of the aggregate II obtained by D-L! (8 mM)
and AgNO; (0.5-1.3 equiv.) after aging for 120 min. (C) Proposed structure for molecular

arrangement of the aggregate Il based on AFM and DFT calculation.
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Fig. S35 Time-dependent AFM images of D-L! (8 mM) with AgNO; (1.3 equiv.) by aging for
(A) 10 min., (B) 90 min., (C) 120 min., (D) 180 min., and (E) 2 weeks.

Fig. S36 AFM images of D-L! (8 mM) with 2.0 equiv. of NaNOj in the presence of 1.0 equiv.
of AgOTTf in water after aging for (A) 0, (B) 30 min., and (C) 60 min. Scale bars, 200 nm.
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Fig. S37 AFM images of (A) the aggregate I based on the D-L2ZAgNO; complex, and (B) the
aggreagte Il based on the (D-L?);Agy(NO3), complex. Scale bars, 200 nm.

Fig. S38 AFM images of D-L3 (8 mM) (A) without and (B) with 1.0 equiv. of AgNOs.
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Fig. S39 Optimized structures of (A) (D-L1),AgNO; (B) D-L!AgNO;. The NO;™ anion was not
coordinated to Ag" ion in the (D-L'),AgNO; complex.

Additional Explanation; We also obtained the complex formation energies for the three
complexes calculated assuming the following simple process: m(D-L!) + nAg" + k(NO;") —
(D-LY,Ag, (NO3™). The complex formation energy (AE¢) is obtained by AE s = (m x E(D-
LY)) + (n x E(Ag")) + (k x E(NO3"))-E[(D-LY),Ag,(NO;"),], where E(X) is the calculated
energy of X (X=D-L!, Ag*, NO;, and complexes ([(D-L"),Ag,(NO3")]). The AE; values for
D-L'AgNQO;, (D-L),AgNOs, and (D-L1);Ag,(NO;), are calculated to be 51.8, 62.1, and 118.0
kcal/mol, respectively. Thus, the (D-L!);Ag,(NO3), complex was the most stable. There are
two hydrogen bonds between the ligands and two NO;~ moieties in the 3:2 (D-L:Ag")
complex. Thus, the average binding energy of the hydrogen bond is ca. 8 kcal/mol, which is a
typical bond strength for intermolecular hydrogen bonds.l'¥! In addition, the calculated
structure of (D-L');Ag>(NO;3), demonstrated right-handed helicity, which supports the fact that
the right-handed complex is the thermodynamic product and the helicity inversion from left-
to right-handed occurred upon aging, as observed experimentally. We also proposed a structure
unit of the supramolecular polymer (aggregate II) based on the (D-L!);Agy(NO3), complex
with right-handed helicity shown in Fig. 6B, which is constructed using four building block
units. The helicity of the proposed structure is consistent with the CD observations.
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Fig. S40 Calculated CD spectra of D-L'AgNO;, (D-L1),AgNOs, and (D-L1);Agy(NOs),. The
NOj; anion was not coordinated to Ag™ ion in the (D-L!),AgNO; complex.

Additional Explanation; To understand the inversion of the CD spectra obtained
experimentally with different AgNO; concentrations, we calculated simulated CD spectra for
the D-L'AgNO;, (D-L'),Ag", and (D-L');Agy(NO;), complexes. The CD spectra were
calculated using time-dependent DFT (TDDFT)!23] considering excitation up to 200 singlet
excited states. Negative CD signals were obtained at ca. 302 nm for the (D-L!),AgNO;
complex and at ca. 318 nm for the D-L'AgNO; complex. In contrast, the (D-L!);Ag,(NO3),
complex demonstrated an intense positive CD signal at ca. 312 nm. Therefore, the calculated
CD spectra are consistent with the experimental results, i.e., CD inversion originates from
formation of the (D-L');Ag,(NO3), complex.
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Fig. S41 (A) Temperature-dependent CD spectra of D-L! (8 mM) with 1.0 equiv. of AgNO3
by heating in water. (B) Degree of aggregation of different concentrations of D-L! (5-8 mM)
complex with 1.0 equiv. of AgNO; as a function of temperature at 334 nm in water.
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Fig. S42 (A) Degree of aggregation of different concentrations of D-L! complex with 2.0 equiv.
of AgNOs; as a function of temperature at 334 nm in water. (B) Natural logarithm of the
reciprocal Cr as a function of the reciprocal 7, showing the linear relationship.
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Fig. S43 Energy landscape diagram of the aggregates I and II based on D-L! in the presence
of 0.5-1.3 equiv. of AgNO; in water.
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Fig. S44 (A) Degree of aggregation of different concentrations of pristine D-L! as a function
of temperature at 336.5 nm by cooling rate of 1 K min-! in water. (B) Natural logarithm of the
reciprocal Cr as a function of the reciprocal 7, showing the linear relationship.
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Fig. S45 Kinetic profiles of the CD intensity of D-L! (8 mM) with (a) 1.0 (b) 1.4 (¢) 1.7 and
(d) 2.0 equiv. of NaNOs in the presence of AgOTf (1.0 equiv.) at 334 nm in water.

D-L2 with AgNO

100
=)
& 504 (a)
©
£
Q o
o
AgNO, 0.9 equiv.
——AgNQO,; 1.0 equiv.
-50 T T T T T

0 1 2 3 4 5 8
Time (hour)

Fig. S46 Kinetic profiles of the CD intensity of D-L? (8§ mM) with (a) 0.9 and (b) 1.0 equiv.
of AgNOs at 334 nm in water.
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4. Analytic data
4.1 '"H-NMR and C-NMR spectoscopy
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Fig. S47 '"H NMR spectrum (300 MHz) of D-1 in DMSO-d; at 25 °C.
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Fig. S48 '3C NMR spectrum (75 MHz) of D-1 in DMSO-dj at 25 °C.

S-47



8567
8541
8539
8.449
8.442
8421
8414
4,600
4576
4552
4528
4504
Q‘Rﬂz

p——
U
.
/= *

1.465
1.440

o L o o o
s R N o o
5 =8 g g g
T I T T T T [ T T T T | T T T T [ T T T T I T T T T | T T T I T T T T ‘ T T T I T T
100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20
ppm
Fig. S49 '"H NMR spectrum (300 MHz) of L-1 in DMSO-dj at 25 °C.
© T+ o o <+ © = *
82 85 =3 3 223 3
£ 8% 5@ § 8¢ =
[0}
4 Hkﬂ'o\
Q, o]
O y |\ N
\0 N ~N
o}
L1
|
| |
|
I |
| I
|
Lo Wiy
‘ T T T ‘ T T T T ‘ T T T | T T T [
200 150 100 S0 0
ppm

Fig. S50 3C NMR spectrum (75 MHz) of L-1 in DMSO-dj at 25 °C.
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Fig. S52 3C NMR spectrum (75 MHz) of D-L! in DMSO-d; at 25 °C.
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Fig. S53 '"H NMR spectrum (300 MHz) of L-L! in DMSO-d; at 25 °C.
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Fig. S54 13C NMR spectrum (75 MHz) of L-L! in DMSO-d; at 25 °C.
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Fig. S56 3C NMR spectrum (75 MHz) of D-L? in DMSO-d; at 25 °C.
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Fig. S57 "H NMR spectrum (300 MHz) of D-L? in DMSO-d; at 25 °C.
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Fig. S58 13C NMR spectrum (75 MHz) of D-L? in DMSO-d, at 25 °C.
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4.2 HR ESI-MS spectrometry
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Fig. S59 HR ESI-MS spectrum of D-1 in water.
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Fig. S60 HR ESI-MS spectrum of L-1 in water.
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Fig. S61 HR ESI-MS spectrum of D-L! in water.
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Fig. S62 HR ESI-MS spectrum of L-L! in water.
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Fig. S63 HR ESI-MS spectrum of D-L? in water.
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Fig. S64 HR ESI-MS spectrum of D-L? in water.
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