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Real-time colorimetric water content monitoring of organic solvents by an azo dye

incorporated into AIPO4-5 nanochannel

Hyeonji Yoo

Department of Chemistry, The Graduate School,
Pukyong National University

Abstract

Encapsulation of a functional organic dye in a rigid host is a viable approach to obtain a
chemically stable water sensor. This study employed a H'-sensitive organic dye encapsulated
in a zeolite, AIPO4-5, for the detection of atmospheric moisture and trace water in various
organic solvents. AIPO4-5 not only acted as the host but also facilitated the dissociation of
water molecules chemisorbed in its framework. The generated H' protonated the encapsulated
azo dye, resulting in a color change that could be clearly seen with the naked eyes. The water
content was determined from the ratiometric change in the optical absorption of the azo dye at
~575and ~465 nm. A high sensitivity, broad detection range(0.1-5.0 wt%), fast response
(within 5 s), and multiple reusability were achieved in the colorimetric monitoring of various
alcohol and non-alcohol solvents. Importantly, we demonstrated that this method has high
sensitivity and comparable accuracy to the traditional Karl Fisher method. Thus, our portable
and reusable sensor design can be potentially adopted for convenient industrial process and

environmental monitoring.
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1.3. o} E(AZO dye)
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At real

Ideal AIPO,-5 structure Defect site in AIPO,-5 nanochannels
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Y s Azo dye
(a) (b) N ,
- defect site \\N ~--- defect site
o o HO o, O o] o] o H0 o o (o]
\IF.?’ \lAI le_/ \‘AI 3 SeTNaE | SR
Y P S : & & MY Y Y
00 OOWMTE (o & Ty
o Protonated
¥ Azo dye
o_ O OH HO_ _O_ _O o _o_ OHl o _o_ .o
S Nar SN e N e Nar
B : ' ' B '
00 00 00 060 00 00 HOO 00

E

AIPO,-5 framewor AZO@AIPO,-5 framework
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olxdwel S #15k%]  4-aminopyridine(98%, Alfa  Aesar), N,N-
dimethylaniline(98%, Alfa Aesar), sodium nitrite(NaNO>, 99%, Samchun Chemicals),
hydrochloric acid(HCl, 37 wt% aqueous solution, Samchun Chemicals), and 1-
bromopropane(99.9%, Alfa Aesar)= ©|-&3HC}

Aol E  AIPO+-59] TS $1819]  pseudoboehmite(ALO;, Samchun
Chemicals), phosphoric acid(H;PO4, 85.0 wt% aqueous solution, Alfa Aesar), and
triethylamine(TEA, 99%, Sigma-Aldrich)< A}-&-Sht,

F718 F4E2 methanol(99.9%, Alfa Aesar), ethanol(99.9%, Samchun

Chemicals), 1-propanol(99.9%, Alfa Aesar), 1-butanol(99.9%, Alfa Aesar), ethyl
acetate(99.9%, Acros Organics), diethyl ether(99.9%, Honeywell Research
Chemicals), tetrahydrofuran(99.9%, Alfa Aesar), and 2-methoxyethanol(99.0%,

Junsei Chemical)S 4% & Ao o] g3t}
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2. o}X ¥ 5 ((E)-4-((4-(dimethylamino)phenyl)diazenyl)-1-

propylpyridin-1-ium bromide)2] %/

|
/@1 . NG NaNO,, HC N
I ’
H,0, 0°C N
N A 2 N

(E)-N,N-dimethyl-4-(pyridin-4-yldiazenyl)anilineS T} o] tjojolzH
AZHS Fato] FATFHY. NaN0»(2.26 )5 Fl vlol (& : 25 ml)ol
A =10 mh)ol] F3AIZ F, HEZ 4aminopyridine(2.75 g, 0.029 mol)S =
< A EEAA(EF 100 mDol A E(50 mholl 3 7FSHE HCW(7.75 @)= &
3] H7}sFal, 4-aminopyridine©] ¢+d3] &)= w7k wHE k. NaNO,
LNE AdS5F5F StollA 4-aminopyridine 2ol HH3] H7leta, & &
0 CZ A%tk NaNO, H7F & E£3Es 3Eat A54 0= Wit shof
Hlxvpololxg o 54 fds de=th

oloj A Wl zthololxg 4 £NS wHF 3HH A N,N-dimethylaniline(3.60 g,
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dimethylanilineS 3 7}sh= <t oh=Fe] 7

L=
Ell
B30 ColA 1083 Ik so] e AN Wo] B F ks

=S NaHCO; 907 F3A7| AAdE He A4 14 &S o
et T oo E7 A At 9 AAS} of#st A ELS [ s

A B A ZFEF AF 3 diethyl ether2 A4S 713t}

o}x A E & (E)-N,N-dimethyl-4-(pyridin-4-yldiazenyl)aniline(0.80 g, 3.54 mmol)
3} 1-bromopropane(5.48 g, 0.045 mol)= acetonitrile(100 ml)3}o| A 3}F-5<F 3+
7 AlA etk BES ¥ evaporatore AREste]l &WlE AlASE £ ethyl
acetate(100 ml)= H7lstth A7t 4 Ay S o] §slo] =53 ethyl acetate
7F oA wj7bA] ethyl acetates ZAHoll AT BAES A7t A=
H-E] 8 3t7] H3l, methanol(200 ml)S H7Fstal 1A 7HE<F wRE stct A
dEs ddte AT A5 FAS AH(AE ARESt] odsto] R
ok XIgE A=A g ES] ElE TEA F FH A9 ethanolel Al 8-

A7tk gMe diethyl ethers 3 7}ake] 20 CollA 12417k FA 3hut}.

FEl G719 wieel FAE olxdRmE ol o sk Ay e
M AxAA HAF Ad=E F5sHlen, o= 'H/PC NMR B 1dds

A2 G HRMS) S o] &8t &4 gt}
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3. AlILEolE AIPOs-5 T4

1AL0s : 0.75P,0s : 1.3TEA : 30.6H,09] & v & Zt= @A AS Axsiop,
Pseudobochmite(2.6 g)S SH<(DDW; 10.0 g)¢ H;PO44.3 g)o] ¥3%
FAo HH3] Hrreoh EEES 3083wyt dth o]ojx, DDW(3.8
2) ¢} TEAGB.4 g)o] 419l §98 o] FErd o

AN ZFHsE  wHE Stk AIPOsS  AS AFAZ]7] $18Fe]  autoclaves
o] g3t 12A]7kHE<F 200 T 2+
AN 7S o)g3ste] AlHS T 100 T EoA Hxsty dAzxd
AlPOs-5= ZEFEE o] 8ot mAlsHAl F#eta 550 CollA 124 1<

A3 WY ERES

T
)
2l
v}

HE2o]  Zu AIPOs,-5+=

71 % (organic template) = Al 7] STt

4. AIPO4-5 U] o289 E He3}t

olxAEE AIPOs,S5 Y Aol HEst A7I7] 98] EHE AIPOs-S
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1. AIPOs-59] 34 ZA=

(c)
AZO@AIPO,-5
- _JL i L ik 1 N e |
=
8
P
g AIPO,-5
‘9 _JL _l P l__._L.h A A A A A
<
| ’ 1 AFI structure ref.
] | \ I N 1 s
LI L N B B AL B B BRI
5 10 15 20 25 30 35 40 45
20 (°)
¥ 7.(a) A F,(b) FA3F T2 AIPOs-5 SEM ©] 1] A, (c) p-XRD o] E]

18




&
i
oﬁL‘
fluj
m{m
)
X
&
30
o
=

1% 7.5 AIPOs52] SEM o|mA| ot} &
p-XRDS o] §3}o] AFI T3 ZH= AIPO-5S elahoith

(a) (b) 550
.
" / : .
1754 AIPO,5 { 300 AIPO,5 desorption 0,8
Surface area : 322 m’g"’ 3 0 ge®
150 35 - N X
- é o **
9125 J ‘© NPT T !
o desorption 4 & 200 4 ' o adsorption
= _q° b= [
£ 100 e, e ‘
L . _1-0=0=0=9=0=9"¥" & g
, L P I=ITI T £ 150 S e
E 751 r‘“‘“‘” A S o
cl g @ adsorption 8 ;e
> 5] @ 100 o :
I 50 13
254 e O
¢ ee® s
04 ‘ 0
AN —————————T T
00 01 02 03 04 05 06 07 08 09 10

00 01 02 03 04 05 06 07 08 09 1.0
PPy

13 8.AIPO+52 (a)Np &

-

8ai- 77 KoAY N, & S24° BET 42 AIPOs+59

[
o

xHAo] 322 mig' olH Ht 71F YA F 071 nmA S HojFErh 19
8.b. 298 KoM +357] &2 T242 Yeldth F2AF2 A o]
S7 e whel k3t Fhetth (9F plpo = 0.257FA) I ¥ p/po = 0.37HA]
Erero] FZAsIA Zrbetd, I E7hE FAAH TS 9k olgld &
&4 IUPACEFol wet eFg] vell sidstm ojde] ®ae dloje s}
dA gttt E EAHE AIPOsS Y Alde] S3bo] HY, £37] S
FFoA B Exp Alolol s A AFor Qlsle] ppd = 025904

AsHAl F7keheh 298 Keld #5719 FE-2R 5242 plpe AA

& ppe U 712 Ae

1038F= A2 oYt} A ¢to] #H(low-power hysteresis)~ T %71

o z{
do

2

2

ol

Y
E
l .
[

lf

<
5,1
_Q
”
>1L

=
o
2
2=

N

o] outEel Solv APO.-sel oet Ee] st gxof
nold % B de 287

ok
b
olrt
rfo
£

)
ot
N
S
o,
Jo
)
=
i
ok
flo
ik
N
1o
i,
ur)

19



mHol sfol=EA(oH) IRel od FaAFelth ot sz Hol
24T A%, 28 AP0 2Zol REiE AW Egav: AL
RS

t}. FAkgo] & (OH)S  AP9t  Adste]  AIOHS dAdsha,
KR

FaOl(H)E BWO Abholze] AFste] p-OoHE FAs, o dAS
sho R v AdellA & Akl sie] od 4dd H'E dFH o
BgFS Agsisd F83 = Ak

2.pH & A8 &7

]
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3. AZO@AIPOs-52] &4 23
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3.1. AIPO+-5°) P&3 & olZEEY FE A

AIPOs-5 W] A 9] sheha] 914 . AIPO,-5 unit cell

AIPO,-5 @) Ao B A . /

(1) AIPO45 (1.00 g) &9 Aol =
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=
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— [(2)] #1/1(De] %k
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— 1.4206 x 10** L
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KM (a.u.)
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