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Experimental section

1. Theoretical calculations
The calculations were performed using the Gaussian09 program, ground state structure
of the sensor was optimized using time-dependent density functional theory (TD-DFT)

by using the B3LYP/6-31G(d) level of theory.

2. Thickening effect analysis

Common food thickeners including the sodium carboxymethyl cellulose, pectin and
xanthan gum with different mass concentrations (from 1 g/kg to 7 g/kg) were added
into the distilled water with ultrasonic dispersion and corresponding thickening
solutions were prepared. Before the test, bubbles in the solution were eliminated, and
the stock solution of sensor DPTMID was diluted as 10 uM. The excitation wavelength

was 500 nm, and emission spectra was recorded from 540 nm to 850 nm.

3. The Farster—-Hoffmann equation

According to the previous studies,>? the relationship between the fluorescence intensity
of the molecular sensor DPBID & DPTMID and the viscosity can be determined by the
following F&ster—Hoffmann equation:

log 1 =C+xlog 7 (1)
where 7 represents the viscosity, | represents the fluorescence intensity of the molecular
sensor DPBID at 588 nm & DPTMID at 670 nm, C is a constant, and x represents the

sensitivity of the molecular sensor toward viscosity.
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Scheme S2. Synthesis route of the molecular sensor DPTMID.
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Fig. S1 *H-NMR spectrum of the molecular sensor DPBID in CDCls.
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Fig.S2 3C-NMR spectrum of the molecular sensor DPBID in CDCls.
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Fig. S3 HR mass spectrum of the molecular sensor DPBID. MS (ESI): m/z 401.14209
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Fig. S5 3C-NMR spectrum of the molecular sensor DPTMID in CDCls.
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Fig. S6 HR mass spectrum of the molecular sensor DPTMID. MS (ESI): m/z
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Fig. S7 (a) Stoke shift of the molecular sensor DPBID in low viscosity water

(containing 1% DMSO). (b) Stokes shift of the molecular sensor DPTMID in high

viscosity glycerol (containing 1% DMSO).
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Fig. S8 (a) Fluorescent spectrum of the molecular sensor DPTMID (10 uM) in

DMSO/water with different volume fractions of water (from 0% to 99%). (b) Plot of

fluorescence intensity at 713.6 nm as a function of different volume fractions of water,

Xex=500 nm. (c) Size distribution of rotor solution determined by using dynamic light

scattering (DLS) method in water.
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Fig. S9 Detection limit of the sensor DPTMID.

The calibration curve was first obtained from the plot of log (ls70) as a function of log
(n). Then the regression curve equation was obtained for the lower viscosity part.

The detection limit = 3 xS.D./k

Where Kk is the slope of the curve equation, and S.D. represents the standard deviation
for the log (ls70) of molecular sensor DPTMID.

log (l670) = 1.821 + 0.532 xlog (17) (R = 0.990)

log (LOD) = 3 x0.0016/0.532 = 0.010
LOD =1070.010 =1.023 cP
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Fig. S10 Fluorescence spectra of the sensor DPTMID (10 uM) in glycerol under

different temperature, including the ambient temperature (25 <C), normal body

temperature (37 <C), and fresh-maintenance temperature (5 <C).
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Fig. S11 Fluorescence images of the sensor DPTMID in various solvents.
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Fig. S12 Fluorescence emission intensity of the molecular sensor DPTMID (10 uM) at
712 nm under various pH values (containing 1% DMSO) in low viscous water, Aex=500

nm.
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Fig. S13 Photostability analysis of the molecular sensor DPTMID in (a) water

(containing 1% DMSO) and other seven kinds of common liquids (containing 1%

DMSO). All upon samples were tested under continuous light irradiation with 500 nm

UV lamp.
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Fig. S14 (a) Fluorescence spectra of the sensor DPTMID in the presence of various
mass amounts of sodium carboxymethyl cellulose. (b) Fluorescence intensity of the
sensor DPTMID at 714 nm and fitting line with the existence of various mass amounts
of sodium carboxymethyl cellulose. (c) Fluorescence spectra of the sensor DPTMID in
the presence of various mass amounts of pectin. (d) Fluorescence intensity of the sensor
DPTMID at 714 nm and fitting line with the existence of various mass amounts of
pectin. (e) Fluorescence spectra of the sensor DPTMID in the presence of various mass
amounts of xanthan gum. (f) Fluorescence intensity of the sensor DPTMID at 714 nm
and fitting line with the existence of various mass amounts of xanthan gum.
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Fig. S15 Fluorescence spectra of the molecular sensor DPTMID (10 uM, containing 1%

DMSO) in eight kinds of common liquids, including the water, litchi juice, milk, kiwi

juice, lemon juice, mango juice, jasmine juice, watermelon juice and edible oil, Aex=500

nm.
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Table S1. Comparison of the representative fluorescence-based probes for viscosity

detection reported in recent years.

Probe

*

Xab

**k

Xem

Stokes
shift™

Applicatio
n

Reference

500 nm

607 nm

107 nm

Biological
system,
living
cells.

530 nm

620 nm

90 nm

Biological
system,
living
cells.

560 nm

580 nm

20 nm

Biological
system,
living
cells.

600 nm

635 nm

35nm

Biological
system,
living
cells, in
Vivo.

580 nm

635 nm

55 nm

Biological
system,
living
cells.

678 nm

698 nm

20 nm

Biological
system,
living
cells, rat
slice.
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t-But

545 nm

628 nm

83 nm

Biological
system,
living
cells.

525 nm

595 nm

70 nm

Biological
system,
living cell.

10

520 nm

610 nm

90 nm

Biological
system,
living cell,
zebra fish,
mice.

11

470 nm

560 nm

90 nm

Biological
system,
living cell.

12

520 nm

580 nm

60 nm

Biological
system,
living cell.

13

554 nm

588 nm

34 nm

Liquid
food, food
spoilage
analysis.

This work

532 nm

670 nm

138 nm

Liquid
food, food
spoilage
analysis.

This work

“ Absorption peak. The absorption was measured in the glycerol.

“* Emission peak. The fluorescence emission was measured in the glycerol.

*hKk

the glycerol.
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The stokes shift herein was obtained from the absorption and emission measured in




Table S2. Photo-physical properties of the molecular sensor DPTMID in different

solvents.
Solvents Dielectric " (cP) Absorption Emission
constant (&) Aab (M) Aem (NM)
Water 78.5 1.0 525.8 710.7
Methanol 32.6 0.6 519.5 I
DMSO 46.8 2.1 522.8 /
Acetone 20.7 0.4 518.3 701.3
THF 7.4 0.5 511.4 698.3
DMF 36.7 0.8 519.0 /
Ethyl acetate 7.3 0.4 508.2 /
Acetonitrile 37.5 0.4 513.2 /
Glycerol 45.8 956.0 532.2 670.7

“ Viscosity of the solvent.

** Non-emissive.

Table S3. Fluorescence intensity of commercial liquids with the molecular rotor

DPTMID.

Liquids Fluorescence intensity
Water 67.14
Litchi juice 90.57
Lemon juice 133.97
Watermelon juice 205.12
Milk 117.50
Jasmine juice 181.55
Mango juice 149.28
Edible oil 707.86
Kiwi juice 124.17

Table S4. Viscosity values of the liquids determined via fluorescence technique and

viscometer.

Liquids Viscosity (cP) Calculated (cP)
Water 1.00 1.02
Litchi juice 1.75 1.81
Lemon juice 3.50 3.42
Watermelon juice 7.50 7.32
Milk 2.81 2.83
Jasmine juice 6.00 591
Mango juice 4.22 4.32
Edible oil 68.10 68.21
Kiwi juice 3.04 3.12
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