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Salicylaldimine Difluoroboron Complexes Containing tert-Butyl 

Groups: Nontraditional -Gelator and Piezofluorochromic 
Compounds  

Peng Gong, Hao Yang, Jingbo Sun, Zhenqi Zhang, Jiabao Sun, Pengchong Xue, Ran Lu*
 

We have synthesized three new salicylaldimine difluoroboron complexes with tert-butyl groups 1B-3B, which are high 

emissive in solutions and in solid states. It was found that salicylaldehydehydrazone difluoroboron complex 1B could form 

organogels in n-hexane and the mixture of petroleum ether/CH2Cl2, and 1D nanoribbons with intense blue emission could 

be fabricated via the gelation of the nontraditional organogelator 1B directed by balanced - interaction. However, the 

other two salicylaldimine difluoroboron complexes 2B and 3B with a spacer of benzene ring could not form gel due to 

strong - interaction, but exhibited piezofluorochromic behaviors. The as-prepared crystals of 2B and 3B giving blue-

green fluorescence could be transformed into the powders emitting yellow light upon grinding, and the emission could 

recover when the ground powders were heated. It suggested that the reversible piezofluorochromism orignated from the 

transformation between crystalline and amorphous states. Therefore, it provided a strategy for designing new 

nontraditional -gelators and piezofluorochromic materials via tuning π-π interaction. 

Introduction 

Recently, π-conjugated molecules containing heteroatoms, 

including N, S, P and B, have drawn great attention due to their 

unique optoelectrical properties
1
 and practical applications in 

organic light-emitting diode,
2
 organic field-effect transistor,

3
 

photovoltaic cell,
4
 stimulus-responsive materials

5
 and sensors.

6
 

Especially, the organic boron-containing π-conjugated 

molecules, such as difluoroboron complexes (N,N- O,O- and 

N,O-chelated boron complexes), are excellent fluorophores. 

Besides their high quantum yields in solutions as well as in 

solid states, large molar extinction coefficients, high electron 

affinities and sensitivity to the surrounding medium, 

difluoroboron complexes are used as building blocks in 

supramolecular assemblies,
7
 in particular, in low molecular 

mass organogels. For example, the N,N-chelated boron 

complexes of BODIPY have been employed as functional 

materials in sensors,
8
 solar cells

9
 and near-infrared 

luminescence materials.
10

 The O,O-chelated boron complexes 

have been found to exhibit self-assembling and fluorescence 

sensory properties.
11

 Meanwhile, the emitting colors of some 

N,O-chelated boron complexes can be tuned by external 

mechanical forces due to the transformation of the molecular 

packing mode or molecular conformation, and these 

piezofluorochromic materials would have potential 

applications in mechano-sensors, security papers and data 

storage devices.
12

 In our previous work, we have found that 

the difluoroboron complexes with steric hindrance moieties 

showed high-contrast piezofluorochromic properties and good 

gelation abilities.
11a-11b,13

 Since the balanced π-π interaction 

played a key role in the molecular packing in aggregated 

states,
14

 we have introduced tert-butyl into carbazole 

derivatives to tune the strength of π-π interaction and gained 

piezofluorochromic emitters and functional -gels. However, 

to the best of our knowledge, the salicylaldimine 

difluoroboron complex has not been reported in organogel 

system as well as in piezofluorochromic material. With these in 

mind, herein, we synthesized three salicylaldimine 

difluoroboron complexes 1B-3B with tert-butyl groups 

(Scheme 1). Only salicylaldehydehydrazone difluoroboron 

complex 1B was found to be a gelator and self-assembled into 

1D nanoribbons with strong emission in gel state. It should be 

noted that the traditional gelators usually contain H-bonded 

units (such as amide, amino acid or urea moieties) and 

auxiliary groups of long alkyl chain, sugar or cholesterol.
14a,15

 

Herein, the synthesis of nontraditional gelator 1B without the 

above auxiliary groups would lead to atom economy and be 

helpful for the design of new nontraditional gelator. Moreover, 

the salicylaldimine difluoroboron complexes with a spacer of 

benzene ring 2B and 3B showed piezofluorochromic behaviors 

although they could not form gel in the selected solvents. For 

example, the as-prepared crystals of 2B and 3B exhibited blue-

green fluorescence and could be transformed into the ground 

powders emitting yellow light upon grinding. When the ground 

powders were heated or fumed with organic solvent, the 
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emission could recover. The XRD patterns of 2B and 3B in 

different solid stated illustrated that the reversible 

piezofluorochromism was resulted from the transformation 

between crystalline and amorphous states. Therefore, the 

introduction of tert-butyl would lead to loose packing of 

difluoroboron complexes in aggregated states, and be 

favorable for yielding nontraditional -gelator as well as 

piezofluorochromic compounds. This work would provide 

strategy for the design of new functional organic materials. 

 
Scheme 1. Synthetic routes for salicylaldimine difluoroboron complexes 1B-3B. 

Results and discussion 

Synthesis 

Scheme 1 shows the synthetic routes for salicylaldimine 

difluoroboron complexes 1B-3B. Firstly, the ligands of 

salicylaldimine 1-3 were synthesized according to the reported 

procedures.
16

 The reaction of compound 1 with Et2O·BF3 was 

carried out under N2 atmosphere in 1,2-dichloroethane using 

N,N-diisopropylethylamine as a base to afford 1B in a low yield 

of 11%. On the contrary, the reaction of 2 or 3 with Et2O·BF3 

gave difluoroboron complexes 2B or 3B in a high yield of 83% 

or 90%, respectively. The reason for the lower yield of 

compound 1B than the other difluoroboron complexes might 

be that the strong electron-withdrawing ability of the first 

formed difluoroboron complex moiety would weaken the 

coordinating ability of the second free salicylaldimine in the 

mono-chelated difluoroboron complex formed from 

compound 1 since the two salicylaldimine units were linked 

directly via N-N bond. In the cases of compounds 2 and 3, the 

two salicylaldimine units showed good reactivity with BF3 

because they were separated by a spacer of benzene ring. The 

target molecules were characterized by 
1
H NMR, 

13
C NMR, FT-

IR and MALDI-TOF mass spectrometry. 

 

UV-vis absorption and fluorescence emission spectra in solutions 

The UV-vis absorption and fluorescence emission spectra of 

1B-3B in CH2Cl2 (5.0  10
−6

 M) were shown in Figure 1, and the 

data were listed in Table S1. The absorption bands of 1B  

 
Figure 1. Normalized a) UV-vis absorption and b) fluorescence emission 
spectra of 1B-3B in CH2Cl2 (5.0 × 10−6 M), the excited wavelength for 1B-3B 
were 355 nm, 400 nm and 400 nm, respectively. 
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showed two absorption peaks at 289 and 355 nm, and 2B and 

3B exhibited red-shifted absorption bands compared with 1B, 

respectively. For example, 2B showed strong absorption at 326 

nm and 403 nm and 3B gave strong absorption located at 311 

nm and 396 nm. The reason why the absorption of 1B 

appeared in high-energy region compared with 2B and 3B was 

that the twisted molecular conformation of 1B led to the poor 

conjugation (Figure S1). Meanwhile, we found that the 

absorption bands in long wavelength for 2B (403 nm) exhibited 

a red-shift compared with that for 3B (396 nm) on account of 

the large conjugation degree. As shown in Figure 1b, 1B-3B 

gave strong emission centered at 458 nm, 505 nm and 506 nm, 

respectively, and their fluorescence quantum yields were 19% 

(using quinine sulfate in 0.1 M H2SO4 as standard, ΦF = 54.6%), 

13% and 19% (using 9,10-diphenylanthracene in benzene as 

the standard, ΦF = 85%), respectively, in CH2Cl2. Similarly, the 

emission of 1B also emerged in high-energy region compared 

with 2B and 3B due to its limited conjugation. It was noticed 

that the emission spectra of 2B and 3B were quite similar in 

CH2Cl2 although their conjugated degree was different. Similar 

electronic spectral behaviors of 2B and 3B were observed in 

other solvents. As shown in Figure S2, red-shifts of the 

absorption bands for 2B compared with 3B could also be 

detected in toluene, THF and DMF due to the large conjugated 

degree of 2B. The emission spectra of 2B and 3B were quite 

similar in the above solvents. As a result, we found that the 

Stokes shifts of 3B (5301 cm
-1

 in toluene, 5880 cm
-1

 in THF and 

5987 cm
-1

 in DMF) were larger than 2B (4612 cm
-1

 in toluene, 

5195 cm
-1

 in THF and 5507 cm
-1 

in DMF) in the above solvents, 

which meant that the excited state of 3B underwent larger 

conformational change than 2B. Therefore, we deemed that 

the large conjugated degree and the small Stokes shift of 2B 

compared with 3B led to their similar emission spectra. 

 

Gelation properties 

The gelation abilities 1B-3B were investigated in the selected  

 

Table 1 Gelation abilities of compounds 1B-3B in organic 

solvents. 

Solvent 
1B 

(CGC
a
/mM) 

2B 3B 

Methanol P P P 

Ethanol P P P 

CH2Cl2 S S S 

1,2-Dichloroethane S S S 

DMF S S S 

DMSO S S S 

Cyclohexane PG P P 

n-Hexane G (5.1) P P 

Petroleum ether P P P 

Petroleum ether/ 

CH2Cl2 (v/v=25/7) 
G (7.25) P P 

P: precipitate; PG: partly gel; S: soluble; G: gel.  
a 

CGC: critical gelation concentration. 

 

method.
17

 As shown in Table 1, only compound 1B could form 

opaque gels in n-hexane and petroleum ether/CH2Cl2 (v/v = 

25/7) under ultrasound stimulus.
18

 The critical gelation 

concentration (CGC) for 1B was 5.1 mM and 7.25 mM, 

respectively, in n-hexane and petroleum ether/CH2Cl2 (v/v = 

25/7). The obtained gels were stable for several months at 

room temperature and could be destroyed upon heated. If the 

hot solution was stimulated by ultrasound again, the 

organogel could be reformed after ageing. To understand the 

different gelation abilities of the three compounds, their 

molecular configurations were shown in Figure S1. According 

to the optimized configurations for 1B calculated by the DFT 

method (B3LYP/6-31G level) on Gaussian 09 software, 1B gave 

a nonplanar conformation (Figure S1a). Such nonplanar 

aromatic unit and the large steric effect tert-butyl groups 

would decrease the strength of π-π interaction and afford 

balanced π-π interaction to induce the gel formation. Although 

the conjugated skeletons of 2B and 3B showed nonplanar 

configuration (Figure S1b and S1c), no gel was formed due to 

their enhanced conjugation. The morphology of xerogel 1B 

obtained from petroleum ether/CH2Cl2 (v/v 25/7) was 

investigated by optical microscope, fluorescence microscope 

and SEM. As shown in Figure 2, gelator 1B self-assembled into 

long nanoribbons with diameters of 0.4-1.2 μm, which emitted 

strong blue light, in gel state. The ΦF of xerogel 1B was 13% 

(Table S1), meaning emissive 1D nanomaterials could be 

gained via the gelation of salicylaldimine difluoroboron 

complexes. In order to investigate the driving forces for the gel 

formation, the UV-vis absorption spectra of 1B in dilute 

solution and in xerogel were given in Figure 3a. It was found 

that the absorption peak at 355 nm for 1B in CH2Cl2 blue-

shifted to 350 nm in xerogel, which demonstrated the 

formation of H-aggregates.
19

 Meanwhile, we found that the 

emission intensity at 453 nm for compound 1B decreased 

during the gelation process (Figure 3b), suggesting that π-π 

interaction played a  

 

 
Figure 2. (a) Optical microscope, (b) fluorescence microscope (ex = 365 nm) 
and (c) SEM images of xerogel 1B obtained from petroleum ether/CH2Cl2 (v/v 
25/7). 
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Figure 3. (a) UV-vis absorption spectra of 1B in CH2Cl2 (5.0 × 10−6 M) and in 
xerogel film and (b) fluorescence emission spectra of 1B during the gelation 
process in petroleum ether/CH2Cl2 (v/v = 25/7) excited at 365 nm. 

 
Figure 4. (a) XRD pattern of xerogel 1B and (b) the proposed molecular 
packing model of 1B in gel phase. 

 

role in the gel formation. The XRD pattern of xerogel 1B was shown 

in Figure 4a, and we found three strong diffraction peaks with d-

spacing of 15.3, 7.6 and 5.0 Å, respectively, corresponding to a ratio 

of ca. 1: 1/2: 1/3. It indicated that a layered structure with a long 

period of 15.3 Å was generated, which was quite similar to the 

optimized molecular length of compound 1B (15.4 Å, Figure S1a).
20 

Therefore, we proposed the molecular packing model of 1B in gel 

state as shown in Figure 4b, and H-aggregates were involved. 

 

Piezofluorochromism 

We investigated the piezofluorochromic properties of the 

three compounds and found that 2B and 3B gave different 

emitting behaviors upon the treatment of grinding and fuming. 

As shown in Figure 5a, 2B emitted strong blue-green 

fluorescence centered at ca. 487 nm in the as-prepared crystal, 

which changed into yellow emitting powder (ca. 509 nm) upon 

ground. The ΦF of 2B in as-prepared crystal and in ground 

powder was same (12%, Table S1). In addition, the emitting 

color of 2B in ground powder could recover to blue-green by 

heating instead of solvent fuming, and the changes of emission 

were reversible.
21

 If the heated powder of 2B was reground, its 

fluorescence red-shifted to 508 nm again. The influence of 

heating temperature and time was investigated. As the ground 

powder of 2B was heated at 100 C for 1 min, the emission 

showed slight change (Figure S3). If the heating time was 

prolonged to 30 min, the fluorescence peak blue-shifted from 

509 nm to 493 nm. When the ground powder was heated at 

200 C for 10 min, the emission shifted to 478 nm.
22

 Similarly, 

compound 3B gave blue-green emission (480 nm) with ΦF of 

17% in as-prepared crystal and yellow emission (503 nm) with 

ΦF of 16% in ground powder (Figure 5b). However, the ground 

powder 3B could turn into blue-green emitting sample via 

fuming with CH2Cl2 except for heating due to its better 

solubility in CH2Cl2 than 2B. However, after 3B was heated at 

200 C for 2 min, its fluorescence peak could shift to 476 nm. It 

meant that the recovery of the emitting color from yellow to 

blue-green was easier for the ground powder 3B than 2B. It 

might originate from the weaker π-π interaction between 3B 

than 2B in solid states. We could see that the fluorescence 

emission red-shifted to 508 nm again after the heated or 

fumed powders of 3B were reground. Thus, the 

piezofluorochromism of 3B was also reversible. Meanwhile, 

the UV-vis absorption spectra of 2B and 3B in different solid 

states were given in Figure S4 to reveal the piezofluorochromic 

mechanism. From Figure S4a we could see three absorption 

peaks at 226 nm, 333 nm and 415 nm for 2B in as-prepared 

crystal. After ground, the absorption of 2B blue-shifted to 224 

nm, 328 nm and 407 nm, respectively, which might be resulted 

from the changes of molecular packing modes.
23

 The 

absorption spectral changes of 3B in different solid states were 

similar to those of 2B. 

  In order to investigate the phase transition during 

piezofluorochromic processes, XRD patterns of 2B in different 

solid states were shown in Figure 6. The as-prepared crystal 2B 
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Figure 5. Fluorescence emission spectra of 2B (a) and 3B (b) excited at 350 
nm in different solid states; Insets: photos of 2B and 3B in different solid 
states irradiated at 365 nm. 

 

 
Figure 6. XRD patterns of compound 2B in different solid states. 

exhibited several sharp and intense diffraction peaks, which 

disappeared when it was ground, revealing a transformation 

from crystalline structure to an amorphous state.
24

 Meanwhile, 

the diffraction peaks could be recovered if the ground powder 

was heated. The XRD patterns of 3B in different solid states 

showed similar results (Figure S5). It suggested that the 

reversible changes of the emitting colors for 2B and 3B in 

response to grinding/heating treatment was originating from 

the transformation between crystalline and amorphous states, 

which could be further proved by the DSC curves of 2B and 3B 

in different states (Figure S6). One exothermic transition peak 

was detected at 164.0 C or 206.0 C for 2B or 3B in ground 

powder, and might be ascribed to the cold-crystallization 

(crystallizing from glass state) of ground sample upon 

annealing.
25

 It illustrated that the amorphous state was a 

metastable one. 

Conclusions 

In summary, three new salicylaldimine difluoroboron 

complexes with tert-butyl groups 1B-3B were synthesized and 

their photophysical, self-assembling and piezofluorochromic 

properties were investigated. It was found that only 

salicylaldehydehydrazone difluoroboron complex 1B could 

form organogels in n-hexane and petroleum ether/CH2Cl2 (v/v 

= 25/7) under ultrasound stimulus. We deemed that the 

nonplanar aromatic unit and the large steric effect tert-butyl 

groups in 1B would lead to balanced π-π interaction and 

induce the gel formation. The other two salicylaldimine 

difluoroboron complexes 2B and 3B could not gelate the 

selected solvents due to the strong π-π interaction. It is worth 

noting that as a nontraditional organogelator, 1B could self-

assemble into 1D nanoribbons with intense blue emission. On 

the other hand, 2B and 3B showed reversible 

piezofluorochromism. The as-prepared crystals of 2B and 3B 

emitted strong blue-green light and could be transformed into 

the powders emitting yellow light after grinding, and the 

fluorescence could recover when the ground powders were 

heated or fumed with organic solvent. It was found that the 

reversible changes of the emitting colors for 2B and 3B 

induced by grinding and heating/fuming was resulted from the 

transformation between crystalline and amorphous states. It 

provided the strategy for designing new nontraditional -

gelators and piezofluorochromic materials via tuning π-π 

interaction. 

Experimental section 

General information 

1
H NMR spectra were recorded with Bruker avance III 400 MHz 

by using CDCl3 as the solvent. 
13

C NMR spectra were recorded 

on a mercury plus 100 MHz using CDCl3 as the solvent. Mass 

spectra were performed on Agilent 1100 MS series and AXIMA 

CFR MALDI/TOF (Matrix assisted laser desorption 

ionization/Time-of-flight) MS (COMPACT). FT-IR spectrum was 

measured with a Nicolet-360 FT-IR spectrometer by 

incorporation of sample in KBr disk. UV-vis absorption spectra 

were determined on a Shimadzu UV-1601PC 

Spectrophotometer. Fluorescence emission spectra were 

carried out on a Shimadzu RF-5301 Luminescence 

Spectrometer. The fluorescence quantum yields of 1B in CH2Cl2 

were measured using quinine sulfate in 0.1 H2SO4, and those 

for 2B and 3B in CH2Cl2 were measured using 9,10-

diphenylanthracene in benzene as the standard. The solid 

fluorescence quantum yields of 1B-3B were measured using 
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Edinburgh Instrument FLS920. Fluorescence microscopy image 

was obtained on a fluorescence microscope (Olympus 

Reflected Fluorescence System BX51, Olympus, Japan). 

Scanning electron microscope (SEM) image was obtained on 

JEOL JSM-6700F (operating at 5 kV). The optical microscope 

image was obtained on JNOEC XS-201. XRD pattern of xerogel 

was determined on the PANalytical-Empyrean and the XRD 

patterns of 2B and 3B in different solid states were 

determined on Rigaku-SmartLab (III). DSC measurements were 

taken by NETZSCH STA499F3 QMS403D \ Bruker V70. The 

optimized configurations were calculated by the DFT (B3LYP/6-

31G) method on Gaussian 09 software.
26

 

 

Synthesis 

All solvents and reagents were used as received. The 

salicylaldimine 1-3 were synthesized according to previously 

reported procedures.
16

 

 

6,6',8,8'-tetra-tert-butyl-2,2,2',2'-tetrafluoro-2H,2'H-

2λ
4
,2'λ

4
,3λ

4
,3'λ

4
-3,3'-bibenzo[e][1,3,2]oxazaborinine (1B) 

Compound 1 (5.0 g, 10.76 mmol) and DIEA (18.8 ml, 23.69 

mmol) were dissolved in dry 1,2-dichloroethane (180 mL) and 

the solution was refluxed for 10 min under N2 atmosphere. 

Then, BF3·Et2O (24.8 mL, 193.68 mmol) were added dropwise 

and the mixture was refluxed for 14 h. The solvent was 

removed under vacuum. The residual solids were purified by 

column chromatography using butanone/petroleum 

ether(v/v= 1/5) as eluent, followed by recrystallization from 

CH2Cl2/petroleum ether, to afford 1B (650 mg, 11%) as white 

floccule. m.p. = 175.0-177.0 C. 
1
H NMR (400 MHz, CDCl3) δ 

8.15 (s, 2H), 7.61 (d, J = 2.4 Hz, 2H), 7.12 (d, J = 2.4 Hz, 2H), 

1.45 (s, 18H), 1.30 (s, 18H) (Figure S7). 
13

C NMR (100 MHz, 

CDCl3) δ 154.13, 153.82, 142.47, 138.90, 131.65, 124.33, 

114.27, 35.16, 34.28, 31.28, 29.3 (Figure S8). MS, m/z: cal.: 

560.3, found: 560.3, [M]
+
 (Figure S9). FT-IR (KBr, cm

-1
): 3393, 

3318, 3003, 2955, 2870, 1646, 1626, 1517, 1476, 1392, 1363, 

1314, 1284, 1249, 1151, 1123, 1060, 928, 898, 810, 770, 718, 

647, 617, 549, 517. 

 

1,4-bis(6,8-di-tert-butyl-2,2-difluoro-2H-2λ
4
,3λ

4
-

benzo[e][1,3,2]oxazaborinin-3-yl)benzene (2B) 

By following the synthetic procedure for 1B, 2B was 

synthesized from compound 2 (2.0 g, 3.70 mmol) and BF3·Et2O 

(2.57 mL, 20.04 mmol). The crude product was purified by 

column chromatography using CH2Cl2 as eluent, yielding 2B 

(1.95 g, 83%) as a yellow green solid. m.p. = 407 C (obtained 

from DSC). 
1
H NMR (400 MHz, CDCl3) δ 8.44 (s, 2H), 7.77 (d, J = 

2.4 Hz, 2H), 7.69 (s, 4H), 7.31 (d, J = 2.4 Hz, 2H), 1.50 (s, 18H), 

1.34 (s, 18H) (Figure S10). 
13

C NMR (100 MHz, CDCl3) δ 164.35, 

157.52, 142.88, 142.72, 139.68, 135.16, 126.22, 124.89, 115.63, 

35.26, 34.38, 31.17, 29.31 (Figure S11). MS, m/z: cal.: 636.4, 

found: 638.0 [M+H]
+
 (Figure S12). IR (KBr, cm

-1
): 3057, 2961, 

2872, 1621, 1567, 1505, 1473, 1411, 1392, 1364, 1348, 1310, 

1285, 1262, 1248, 1214, 1151, 1064, 1031, 993, 928, 879, 843, 

807, 775, 684, 643, 615, 560, 534. 

1,3-bis(6,8-di-tert-butyl-2,2-difluoro-2H-2λ
4
,3λ

4
-

benzo[e][1,3,2]oxazaborinin-3-yl)benzene (3B) 

By following the synthetic procedure for 1B, 3B was 

synthesized from compound 3 (1.0 g, 1.85 mmol) and BF3·Et2O 

(1.28 mL, 10.00 mmol). The crude product was purified by 

column chromatography using CH2Cl2 as eluent, yielding 3B 

(1.06 g, 90% as a yellow green solid. m.p. = 353.0 C (obtained 

from DSC). 
1
H NMR (400 MHz, CDCl3) δ 8.48 (s, 2H), 7.77 (d, J = 

2.4 Hz, 2H), 7.70-7.61 (m, 4H), 7.32 (d, J = 2.4 Hz, 2H), 1.50 (s, 

18H), 1.33 (s, 18H) (Figure S13). 
13

C NMR (100 MHz, CDCl3) δ 

164.86, 157.46, 143.40, 142.91, 139.52, 135.21, 130.86, 126.50, 

124.13, 118.81, 115.64, 35.24, 34.38, 31.17, 29.32 (Figure S14). 

MS, m/z: cal.: 636.4, found: 637.2 [M+H]
+
 (Figure S15). IR (KBr, 

cm
-1

): 3077, 2961, 2870, 1629, 1601, 1566, 1471, 1444, 1393, 

1363, 1345, 1312, 1287, 1259, 1243, 1192, 1135, 1058, 1007, 

986, 938, 893, 832, 793, 776, 758, 696, 643, 609, 575, 549, 530, 

443. 
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Salicylaldimine Difluoroboron Complexes Containing tert-Butyl 

Groups: Nontraditional π-Gelator and Piezofluorochromic 
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Tert-butyl can lead to the loose packing of salicylaldehydehydrazone difluoroboron 

complexes in aggregated states to generate stimuli-responsive materials. 

Page 8 of 8Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t


