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1. Experimental Methods:

1.1 Preparation of ZIF-93

ZIF-93 was prepared according to the previous reported methodl!l. 367 mg of
Zn(CH3COO0),-2H,0 and 550 mg of almelm were accurately weighed and added to 25 mL of
methanol. After the mixture ultrasonically dissolving, it was transferred into a 50 mL Teflon
lined autoclave and sealed. The autoclave was held at 85 °C for 24 h. After the reaction,
reaction mixture was centrifuged. The precipitate was washed with methanol three times, then

dried under vacuum at 85 °C overnight.

1.2 Preparation and composition of borax-HCI buffer

Weigh 38.14 g of borax (Na,B40;-10H,0) and dissolve in 1.0 L of ultrapure water to
obtain the stock borax solution of 100 mM.

The 10-40 mM Borax-HCI buffer with pH 7.0-9.0 were prepared by first diluting the
stock borax solution the desired concentration, and then by titration of the borax solutions

with HCl to the desired pH value.

1.3 Preparation of the sample solution

DTT and DTE powder was kept in -20 °C freezer before use. The standard solution (10.0
mg/mL) of DTT and DTE was made by dissolving DTT and DTE in a small volume of
ultrapure water individually, then being diluted with ultrapure water, and stored at 4 °C in a
refrigerator (Just in time). The test solutions were obtained by mixing the standard solutions
or diluting the mixture standard solutions to appropriate concentrations. Before use, all the

solutions were filtered through a 0.45 um membrane and degrassed by sonication.

1.4 CEC calculation formulas
In the CEC analysis results, the resolutions (Rs) and the selectivity factors (o) between
DTE and DTT are calculated according to Equations (1) and (2):
LRs=2(t-t))/(W+W)) (1)
a=ty/t, (2)

Here, t;, W, and t, W, represent the retention time and the peak widths of DTE and DTT



(s), respectively.
Electroosmotic flow (ugor) is determined with thiourea as a neutral marker and
calculated according to Equation (3):
Hupor=Lx1/(V xty) 3)
Here, L and I represent the total length (cm) and effective length (cm) of the capillary
column; V is the CEC separation voltage (kV) and t is the retention time of thiourea (s).
Column efficiency are calculated according to Equation (4):
N=5.54(tx/W;,,)*/1x100 4)
Here, tg and W, represent the retention time and the half-peak width of DTE or DTT (s),

respectively; 1 represents the effective column length (cm).

1.5 CEC conditions

All CEC experiments were conducted on an Agilent 7100 CE system (Waldbronn,
Germany) equipped with a diode array detector, and operated at room temperature. The
capillary column of 75 um i.d. and 375 pum o.d. from Yongnian Optic Fiber Factory (Handan,
China) was used. Total length and the effective length of the prepared His-ZIF-93 column
were 34.0 cm and 25.5 cm, respectively. Borax-HCI buffer was used (SI 1.2). Pressure
injection was 50 mbar x 3 s. The detection wavelength of DTT and DTE was set at 230 nm.
Before each CEC experiment, the OT column was flushed with ultrapure water and the
corresponding borax-HCI buffer for 3 min, respectively. All solutions were filtered by 0.45

um filter membrane, and then sonicated for 4 min for use.

1.6 Determination of binding constants

According to the methods reported!?], 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 mg/mL of His-
ZIF-93 dispersion were obtained by dispersing the appropriate amount of His-ZIF-93 in
borax-HCI buffer (30 mM, pH = 8.5), respectively. 2 mL of each dispersion was taken and
mixed with 2 mL of DTT or DTE (25 pg/mL), respectively. The mixtures were shaken at 150
rpm for 60 min at room temperature. Then, sonicated for 5 min before analysis. The UV
absorption spectra from 230 to 320 nm of the mixtures were measured using an UV-1901

spectrophotometer (Persee, China). Benesi-Hildebrand absorption plots for the interaction of



DTT and DTE with His-ZIF-93 were obtained and the binding constants of His-ZIF-93 for

DTT and DTE were calculated.

2. Supporting Figures:

Fig. S1 SEM image and EDS mapping of His-ZIF-93.
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Fig. S2  XPS spectra of His-ZIF-93 and ZIF-93.
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Fig. S3 TGA curve of His-ZIF-93.
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Fig. S4 The effect of buffer pH on EOF (Experimental conditions: sample, 0.1 mg/mL thiourea, 30
mM of borax-HCI buffer, voltage, 15 kV) and ZP curve of His-ZIF-93 (Experimental conditions: 0.2

mg/mL of His-ZIF-93, 30mM borax-HCI buffer).
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Fig. S5 Effect of buffer types on the separation of DTT and DTE on His-ZIF-93 column (Experimental

conditions: 30 mM buffer, pH=8.5, voltage 15 kV, detection wavelength 230 nm).

8000 « DIT

6000
y=1425.1522-69.7116
R*=0.9960

Peak area
iy
-
3
>
L

200 y=824.2896-12.6866

R*=0.9999

0 1 2 3 4 5
¢ (mg/mL)
Fig. S6 The standard curves of DTT and DTE (n=5) (Experimental conditions: 30 mM borax-HCI buffer,
pH=8.5, voltage 15 kV, detection wavelength 230 nm)
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Fig. S7 Separation chromatograms of DTT and DTE with different runs (Experimental conditions: 5.0

mg/mL, 30 mM borax-HCI buffer, pH=8.5, voltage 15 kV, detection wavelength 230 nm).
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Fig. S8 Electrophorogram of the commercially available DTT sample by His-ZIF-93 column

(Experimental conditions: 1.0 mg/mL, 30 mM borax-HCl buffer, pH=8.5, voltage 15 kV, detection
wavelength 230 nm).



3. Supporting Tables:

Table S1 The elemental content of His-ZIF-93 and ZIF-93 by EDS

Element Wt% of His-ZIF-93 Wt% of ZIF-93
C 36.44 37.89
N 18.76 5.19
0] 24.67 7.59
Zn 20.13 49.33

Table S2  The specific surface area and pore size of His-ZIF-93 and ZIF-93

Materials BET (m?%g) D (nm)
His-ZIF-93 545 3.99
ZIF-9301 864 <2

Table S3 Binding constants of His-ZIF-93 on DTT and DTE

Stationary phases Analytes K (mL/mg)
DTE 49.26
His-ZIF-93
DTT 51.81

Table S4 Reproducibility and stability of DTT and DTE on His-ZIF-93 OT-CEC column

RSD (%) of retention time RSD (%) of column efficiency
Type and Numbers
DTE DTT DTE DTT
Run-to-run (n =9) 0.98 1.24 1.78 2.16
Day-to-day (n = 5) 1.78 1.92 2.01 2.23
Column-to-column (n = 5) 1.93 2.07 2.67 2.84
Batch to batch (n=3) 3.10 3.26 3.35 3.44

Runs (n = 150) 2.06 2.45 2.23 2.58




Table S5 Comparison of this work and previous reports on the determination of DTT or DTE

Detection

Analytes Methods Application . LOD Ref.
time

Fluorescent probe Living cells 10 min 3.1x107 mol/L (4]

Colorimetric method / <10 min 0.3 pmol/L [5]

i 0.07 mol/L 6

DTT Fluorescent probe / 5 min [6]

HPLC-MS Protein mixtures 23 min 0.1 ng/uL [7]

Electrochemical . . 2.5 pumol/L [8]

A liver extract <4 min
method
Optical sensing Pharmaceutical samples 5 min 0.54 pmol/L [9]
DTE Pharmaceutical and )
HPLC . . 10 min 2.5%10 mol/L [10]
biological samples
0.035 mg/mL for
DTT, Commercial sample . DTT This
CEC . 8 min
DTE Purity test 0.037 mg/mL for work
DTE
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