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A Facile Method for Preparing One-molecule-thick Free-standing
Organic Nanosheets with a Regular Square Shape

Qi An, Qing Chen, Wei Zhu, Yan Li, Cheng-an Tao, Haowei Yang, Zhanping Li,
Lijun Wan, He Tian, Guangtao Li

Materials:

Cucurbit[8]uril CB[8] was purchased from NewSouth Innovation Pty Ltd, Sydney. Carbazole,
naphthalene 1,2,3,4-tetrahydronaphthalene were purchased from Alfa Aesar Company. Quinoline,
styrene, ethanol and other chemicals were purchased from Beijing Chemicals Company.
Deionized water was further purified with RF ultrapure water system.

Synthesis and elemental analysis of CB[8]-quinoline nanosheets:

In a typical synthesis, 50 pL of a 2 mM aqueous quinoline solution (or 2 mM
naphthalene/styrene/carbazole/ 1,2,3,4-tetrahydronaphthalene solution in ethanol) was added into
1 mL of 10* M aqueous CBJ[8] solution. Ultrasonic was then employed for around 1 min to help
disperse the solutes. After standing for about 3 h a translucent colloid of nanosheets was obtained.
2 mM quinoline aqueous solution was prepared as follows: 12 pL quinoline was added into 2 mL
ethanol, into which deionized water was added to 50 mL. The resultant nanosheets were collected
by centrifugation. After washing and drying, the obtained sample was used for powder XRD
measurement, elemental analysis and calculation of yield. A yield of about 30% was obtained for
the square nanosheets. Since only relatively large nanosheets could be collected by centrifugation,
the yield virtually is much larger than 30%. Elemental analysis for m(CB8 * 2quinoine * 25H,0):
Calculated: C=38.89%, H=5.5%, N=23.40%; Found: C=37.97%, H=4.47%, N=25.15%.

Characterization of the CB[8]-quinoline nanosheet:

TEM experiments were performed with JEOL 2010 microscope operating at 150kv. TEM samples
were prepared by dripping 10 pL of as prepared CB[8]-quinoline colloid on copper grid and dried
in air. STM experiments were carried out in air with a NanoScope I1la scanning probe microscope
(Digital Instruments). HOPG substrate was rinsed in the CB[8]-quinoline mixture for 30 min,
taken out and rinsed with deionized water. UV-vis spectrum was obtained using a Perkin Elmer
Lambda 35 spectrometer. FL speatra were collected with Perkin Elmer LS55 spectrometer, with
excitation at 313 nm, and the samples were dried on quartz glass. FTIR spectra were obtained with
Nicolet 360 FT-IR spectrometer. FT-IRRAS spectra were collected with an IFS-66v/S FTIR
spectrometer (Bruker) in vacuum at around 1 to 2 mbar of pressure, with p-polarized light
incidence at 80° relative to the surface normal using a Bruker accessory; the sample for FT-IRRAS
were prepared by dripping 20 uL of as prepared CB[8]-quinoline colloid on gold substrate. AFM
images were obtained with a Multimode Nanoscope III system (Santa Barbara, CA), on Si
substrate. XPS data were collected with a PHIS300 ESCA instrument using an Al Ko X-ray source
at a power of 250 W. Computer simulation was conducted with CHEM 3D software.
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Analysis of the thickness of the fabricated nanosheets:

Dropping the as-prepared colloids solution on Si substrate leads to multi-layered nanosheets
stacking together, and it’s not possible to read a height for a piece of nanosheet in AFM images.
So we dipped the Si substrate in the colloid solution for 10 min., picked it out with tweezers, and
rinsed it carefully with deionized water before it dried for 3 times. Thus, most deposited
nanosheets were washed away and we have a chance to get the height of a single layer.

Typical AFM images were displayed in Figure S1. The measured thicknesses of 54 pieces of
nanosheets were listed in Table S1. 66.1% of the values fall in the range 1.65 ~ 2.10 nm with an
average of 1.84 nm. 17.9% nanosheets have a thickness of 3.50 ~ 4.10 nm with an average 3.77
nm, and other 16% outside these two ranges. So 1.84 nm is considered as the thickness of a single
layer of the nanosheet, and 3.77 corresponds to double-layers. Number 48-52 in the “others”
column in Table 1 approach these two values (1.84 nm or 3.77 nm) and may be caused by some

random errors in the testing process, number 53-54 may correspond to three or four layers.

[rm] 5952123

Z1[nm] Z2[nm] 47 [nm] Cistance [nm] +[°]
20.72329 18.73243 1.990866 285.2153 0.399931
19.04847 22.61352 3.565047 461.7771 0.442330
20.85890 18.94530 1.913598 991.4627 0.110585%
19.15649 20.99321 1.836719 556.8489 0.188985
22.67023 19.06636 3.603877 937.1359 0.220337

(b) m

= [nm] 8166.529

Z1[nm] Z2[nm] 47 [nm] Distance [nm] 2[°]
19.42745 22.97349 3.546038 829.6156 0.244899
21.35293 19.49855 1.854379 271.2205 0.391735
19.40412 21.06233 1.658215 1084.882 0.087575

Figure S1. Typical AFM images and section analysis of the nanosheets at different spots.
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Table S1. Statistic Analysis of the Thickness of the Fabricated Nanosheets

In the range [1.65-2.05 nm] ranee others
[3.50~4. 10 nm]
Thickness Thickness Thickness Thickness Thickness Thickness
No. No. No. No. No. No.
(nm) (nm) (nm) (nm) (nm) (nm)
1 1.73 11 1.90 21 1.91 31 1.84 38 3. 74 48 1.62
2 1.90 12 1.77 22 1.77 32 1.84 39 4. 10 49 2. 17
3 1.78 13 1.95 23 2.03 33 1.79 40 3. 67 50 2. 11
4 1.75 14 1.83 24 1.97 34 1.75 41 3. 74 51 2.21
5 1.92 15 1.99 25 1.72 35 1. 66 42 3. 87 52 2.14
6 2.00 16 1.90 26 2.01 36 1. 65 43 3.84 53 7.91
7 1.81 17 1. 80 27 1.86 37 1.68 44 3.90 54 9.35
8 1.91 18 1.75 28 1.90 45 3.70
9 1.71 19 1.94 29 1.85 46 3.95
10 1.79 20 2.01 30 1.87 47 3.60
Ave. 1.84 Ave. 3.77

Figure S2 TEM image of CB[8]-quinoline nanosheet assembled from more concentrated solutions. The concentration of CB[8]
and quinoline is 2.0 x10* M, and multi-layer nanosheets of larger lateral size were obtained.
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Figure S3 FTIR spectra of quinoline (top), CB[8] powder (middle) and CB[8]-quinoline nanosheets powder (below): the
characteristic peaks of CB[8] dominate the spectra of the sheets, which indicate that quinoline locate inside the cavity of CB[8],
and is not detectable in FTIR due to space-confinement effect

Figure S4 Top-side view (a) and top view (b) of minimized structure of CB[8]-quinoline complex network by computer
simulation
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Figure S5 TEM images of CB[8]-quinoline mixture obtained (a) in neutral environment to form square sheet and (b) under
pH=1.0: parallelogrammic sheets form.
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