Automated Silylation of Flavonoids using 3D Printed Microfluidics prior to Chromatographic Analysis: System Development
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Method development: Translation of batch to flow

In this study, the translation of batch reactions into flow reactions was implemented using a two-step approach that provided for a smoother transition. The batch reactions were first translated into flow using continually stirred tank reactors (CSTRs). CSTRs originally developed by Neumaier et al. and later modified by du Preez et al. were adopted [1, 2]. These reactors can be classified as a “batch in flow” system since the tank volume is relatively large (≈ 1.2 mL), representative of in-vial reactions. However, unlike batch reactions, CTSRs consists of a constant flow in and out of the tank. The prepared 0.5 mg/mL quercetin sample was added into a 5 mL syringe, and a 1 mL syringe was filled with MTBSTFA, of which both were respectively fitted to the open-source syringe pump system originally developed by the Pachter group [3]. The syringe pumps were connected to the CSTRs via threaded flangeless nuts and TeflonTM tubing. During trial reactions and optimizations, the total flow rate was varied between 100 - 500 µL/min, and 200 µL/min was found to be an optimal flow rate. Both the sample and the reagent (MTBSTFA) in the syringes were delivered at 100 µL/min each. The CSTRs had a residence time of ± 10 minutes, and three fractions were collected and analyzed similar to the samples prepared in batch. Once the flow rates were optimized for the CSTRs, the reactions were further translated to a channel-based device.

Different designs for the flow channel-based devices were considered. Factors such as print quality, channel internal diameter (ID), device size (which influences residence time) and connection ports need to be considered for a successful working microfluidic device. For this application, the first design (Fig. S1) involved a larger device of 40 × 40 mm (l × b), with ± 1 mm ID channels, the threaded connection ports were also designed to fit commercial flangeless nuts (¼ - 28 UNF), as shown in Fig. S1. The device offered a residence time of ≈ 5 minutes at a 200 µL/min combined flow rate. It was observed that the derivatization reaction occurs more rapidly in the flow device compared to the CSTRs and the batch reactions, indicating that the residence (reaction) time could be reduced. Hence, an even smaller device was designed, where both device and channel sizes were reduced (Fig 2).
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Fig. S1 CAD model of the channel device (microfluidics) with 40 × 40 mm dimensions. The channels are ±1 mm in internal diameter (ID), and the enclosed device has two threaded inlets and one outlet for tube connection via flangeless nuts.
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Fig. S2 GC-MS total ion chromatogram (TIC) of underivatized quercetin (blue), quercetin derivatized in batch (magenta), and in flow (black) using MTBSTFA.
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Fig. S3 GC-MS extracted ion chromatograms (EIC) of ions with m/z of 530, 644, 758, and 872 for a quercetin sample derivatized in batch and flow. These ions correspond to the expected masses of quercetin that has been derivatized up to five times.
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Fig. S4 Positive ion ESI HR-MS spectrum of targeted species obtained from analysis of quercetin derivatized in flow. Similar results were observed for quercetin derivatized in batch (not shown). *Targeted (derivatized) peaks.
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Fig. S5 Infrared spectrum of TED 13 dissolved in 1:1 (v/v) acetonitrile and dioxane mixture (left) and derivatized in flow using MTBSTFA (right).
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Fig. S6 GC-MS total ion chromatogram (TIC, left) and extracted ion chromatogram (EIC, right) of the blank sample (blue), TED 13 derivatized in batch (magenta), and in flow (black) using MTBSTFA. The EIC represents a m/z of 559 which corresponds to the loss of a t-butyl group (M-57) from TED 13 that was derivatized 3 times (M = 616).


[image: ]
[image: ]
Fig. S7 EI-mass spectrum of TED 13 derivatized in batch (top) and flow (bottom) using MTBSTFA.
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Fig. S8 Negative ion ESI HR-MS spectrum of targeted species obtained from analysis of TED 13 samples. (A) represents the underivatized TED 13, (B) represents TED 13 derivatized in batch and (C) TED 13 derivatized in flow. *Targeted (derivatized) peaks.
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Fig. S9 Positive ion HR-MS spectrum of targeted species obtained from analysis of TED 13 derivatized in flow. *Target (derivatized) peaks.
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Fig. S10 Infrared spectrum of ZTF 1016 dissolved in a 1:1 (v/v) acetonitrile and dioxane mixture (left) and derivatized in flow using MTBSTFA (right).


[image: ]
Fig. S11 GC-MS total ion chromatogram (TIC) of ZTF 1016 derivatized in batch (magenta), and in flow (black) using MTBSTFA.
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Fig. (S12) Mass spectra of chromatographic peak at 17.220 mins of ZTF 1016 derivatized in batch (top) and in flow (bottom) respectively, using MTBSTFA.
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Fig. S13 Positive ion HR-MS spectrum of targeted species obtained from analysis of ZTF 1016 samples. (A) represents the underivatized ZTF 1016, where peak 1, 2 and 3 were identified as [M+H]+, [M+Na]+ and [2M+Na]+ respectively. (B) represents ZTF 1016 derivatized in batch and (C) represents ZTF 1016 derivatized in flow. *Target (derivatized) peaks.


References

1. 	Neumaier JM, Madani A, Klein T, Ziegler T (2019) Low-budget 3D-printed equipment for continuous flow reactions. Beilstein J Org Chem 15:558–566. https://doi.org/10.3762/bjoc.15.50
2. 	du Preez A, Meijboom R, Smit E (2022) Low-Cost 3D-Printed Reactionware for the Determination of Fatty Acid Content in Edible Oils using a Base-Catalyzed Transesterification Method in Continuous Flow. Food Anal Methods 15:1816–1825. https://doi.org/10.1007/S12161-022-02233-2/FIGURES/8
3. 	Booeshaghi AS, Beltrame E da V, Bannon D, Gehring J, Pachter L (2019) Principles of open source bioinstrumentation applied to the poseidon syringe pump system. Sci Rep 9:12385. https://doi.org/10.1038/s41598-019-48815-9

2

image2.png
2,00

1,754

1,50

intensity
3. ¥

0,757

0,504

0.25]

21952





image3.jpeg
(min)

Kususauy




image4.jpeg
t (min)




image5.png
20221006_dQ_f_p 34 (0.401) Cm (25:50) 1:TOF MSES+
02 s 3 55
s 8 i

3 g

~ o

g g

g 8

%
z
2
H
£ - N
. bbb b b Cprmas e o oot s s e
e T T e

5017z




image6.png
T T T T
w w o w

50

40|

750

1

suenwisuely %

g % :
SduelwsueL %
&
F#
i
~
—v5021 La
—6 6 .
i
— 18691 Fe
Luﬂ.ww«nm Im
2
T T T T T T T T £
g8 % 8 8 R 2 @ b 3 8

AUem)

Alfem)




image7.png
intensi

(1,000,000

—batch

—blank
11 —flow

17375





image8.png
(x10.000;

459
40]

EE

259
€209

E1s]

14.815

17375

—batch
—blank

—flow





image9.png
20710
75
50+
281.10

25+ 7310

3305 | |2

341,10 55030

OSQL ZIml m o ko0 gasgo a0

m/z




image10.png
B=

100] 20710
754
0]
28115
7310
25
1331!?1 10 1 24100 5935
o Lo il o .
250 500 750

m/z





image11.png
3010437 ,

%eintensity

=
£
£
* 1
2021008_0_TED_121 031 0.309) 1 ToF NS E5.
100, e 2 -] 1.03e7
] ]
] s
= o
a 2 -
4 li Z
o [ [T | = Lg-u it gman v
- 2 e S
A s el e ol W A 2T T, B R e e
% o £ & %o =5 % £ ES 750 o

m/z




image12.png
100

9% intensity

1. TOF S ES+

g
20221008.0.7E0 131 33 0390 Om 25 g

23 A %

=

5

g

2%
R VU VO RTOWY IG5 riiuon C i W Sw we ey St .
e - T ™ T T

m/z




image13.png
prs

T
1750 1500 1250 1000 750

A(fem)

BRI B R e
3000 2500 2000

T
3500

.W.I.W.

swuenusuesy %

v
350 3000 2500 2000 17%0 1500 1250

L B e e e I

8

—08'119
11688
==25 €901,

—50'5524

@ 3

aduenwsueiL %

8

Al/em)




image14.png
900,000

o
I
804 N —batch
~
704 = flow
= flow
609
209
109 —
00d
0]
80 0 180 130 220 230 240 20




image15.png
%

36315

1009
75
50
2]
18125
7310145“4\ 2‘3‘.‘0 |i 1420 20 ‘ 4800 _sen
250 500 750




image16.png
00 36310
755
504

20705
255

1812

‘ 281.05
o Lipnlld ‘ubﬂﬂp 42925 930

250 500 750





image17.png
LCAS (Swapt Facity UP. ChemistryDegt.

20221006_ZTF1016_p 42 (0.488) Cm (25:50) 1: TOF MSES+
1004 2 1.33¢7
A 1
z
2
:
H
ES
3
i
pR01215 )
’m/ marss
1020573, 2450809 31487 Fos S57.4572 6634190, = 8E5.52199096164 e
o P | 217071 (i, emxn ST sews 2| srozm 008052 e rage | 1193m
100 200 300 400 500 600 700 800 900 1000 1100
m/z
. —
20221006_ZTF1016_d_p 34 (0.401) Cm (25:50) 1: TOF MSES+
" e
B 1
-
-
z
2
g | asm
£
-
-
-
100 200 300 400 500 600 700 800 900 1000 1100
m/z
e e
20221006_ZTF1016_f_p 36 (0.423) Cm (25:50) 1: TOF MSES+
" il S
é o
1
i ssoe
z
2
:
H
ES
s+
s
w3,
o P ETC 0 i o il
600 700 800 900 1000 1100





image1.png




