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Figure S1. Schematic illustration of (A) preparation of MOFs—W(OCH2CHs)s/Ppy—rGO—based
electrochemical sensor device and analysis method, and (B) the schematic illustration of SPE de-
vice preparation and detection of NHa*ions.
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Figure S2. Compilation of EDX image of (A) GO, (B) Ppy—rGO, and (C)
MOFs—W(OCH2CH3)e/Ppy—1GO, and elemental mapping of carbon for (D) GO, (E) Ppy—rGO,
and (F) MOFs—W(OCH:CHs)s/Ppy—rGO; nitrogen for (G) Ppy—rGO, and (H)
MOFs—W(OCH2CH3)s/Ppy—rGO; oxygen for (I) GO, (J) Ppy—rGO, and (K)
MOFs—W(OCH2CH3)e/Ppy—rGO; sulfur for (L) GO, (M) Ppy—rGO, and (N)
MOFs—W(OCH2CH3)e/Ppy—rGO; and tungsten for (O) MOFs—W(OCH2CH3)s/Ppy—1GO, respec-
tively.

The well-prepared Ppy-rGO of 30 wt% is added to a well-dissolved tungsten ethoxide
in N,N-dimethylformamide (DMF). Three weight percentage ratios have been analyzed,
30 wt%, 60 wt%, and 90 wt%. The D-band intensity in 30 wt% of the Raman spectrum is
weaker than the intensity of the G-band. If the D-band intensity is weak and poorly sen-
sitive to the excitation wavelength, this is most probably due to the high bonding ratio of
heteroatoms such as nitrogen and oxygen. The spectrum pattern can be observed in the
Raman spectra of GO and Ppy-rGO. As proven in other characterizations such as FTIR
and XPS, the graphene lattice is highly bonded to oxygenated functional groups. For in-
stance, the said oxygenated-functional groups are hydroxyl, carboxyl, and epoxy groups.
The poorly sensitive excitation energy D-band reveals a lack of large graphitic domains.
The highly sensitive G-band to excitation energy is due to the large amount of hydrogen
bonding to the graphene lattice. However, the Raman spectra for 60 wt% and 90 wt% Ppy-
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rGO addition show opposite results (Figure S2). There are more graphitic domains with
the increased weight percentage of Ppy-rGO.
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Figure S3. Full Raman spectra of (A) GO, Ppy-rGO, and MOFs-W(OCH:CHs)s/Ppy-rGO, and (B)
MOFs-W(OCH2CHs)s/Ppy-rGO at 30 wt%, 60 wt%, and 90 wt% of Ppy-rGO added to tungsten
ethoxide, and the full electron spectroscope for chemical analysis (SPCA) energy spectrum for (C)
GO, (D) Ppy-rGO, and (E) MOFs-W(OCH2CHs)e/Ppy-rGO.

A monolayer of graphene has two carbon atoms per unit cell, which consists of six
phonon dispersion bands. Three of them are acoustic branches, and another three bands
are optic phonon branches. The 2D line is the overtone of the D-band. It happens due to a
double resonance or intervalley process that connects two points belonging to the same
cone around the K point. In this double resonance process, the wave—vectors q of the pho-
nons that are aligned with the D and 2D bands would couple preferentially to the elec-
tronic state with wave-vectors k measured at K point (q = 2k). The 2D Raman shape im-
plies the existence of 2-5 graphene layers grown by the freeze-drying method [1]. The 2D
bands, however, diminished as more reduction was applied. When the graphene layer
stacking proliferates, the smaller peaks at lower frequencies decrease. Normally, for sin-
gle-layer graphene, the 2D peak forms a single Lorentzian 2D peak. The peaks will be
broader as the layers of graphene increase.



Table S1. Raman shifts and intensity ratios of GO, Ppy-rGO, and MOFs-W(OCH2CHs)e/Ppy-rGO.

Nanocomposites (cm™) In/IG ratio
D band G band
30 wt% 1352.5 1581.2 0.887
60 wt% 1328.6 1592.1 1.172
90 wt% 1336.2 1598.4 1.275
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Figure S4. Deconvoluted narrow scan XPS spectrum of the W4f of MOFs-W(OCH2CH3)s/Ppy-rGO.

X-ray diffraction (XRD) of the powder samples was recorded for 20 values of 11.06°
and 42.27° to characterize interplanar spacing. The characterization was executed in a
PANalytical powder X-ray diffractometer at 45 keV and 20 mA with a step size of 0.01°
and a dwell time of 5 s. Figure S5 shows the XRD patterns of GO, Ppy-rGO, and MOFs-
W(OCH2CH3)s/Ppy-rGO nanocomposites. Both Ppy-rGO and a strong peak at 20 = 11.06°
in XRD pattern of GO represent the (001) reflection of GO [2]. This peak vanishes upon
the reduction of GO into rGO. Further, it can be found that there are two diffraction peaks,
one being a broad diffraction peak located at 20 = 26.03° and another being a small peak
located at 26 = 42.60°, present in both the Ppy-GO and MOFs-W(OCH2CHs)e/Ppy-rGO
spectra, which represent (002) and (100) reflection, respectively, which suggests the loss
of hydroxyl and carboxyl groups in graphene nanostructures [3,4]. A small peak close to
(002) reflection, which is located at 20 = 18.53°, indicated the triclinic tungsten ethoxide
combined with the diffraction peaks of rGO [5]. The triclinic phase of metal oxide is known
to possess incredible stability and actively participate in sensing activity.
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Figure S5. XRD spectra of (a) GO, Ppy-rGO, and MOFs-W(OCH2CHs3)s/Ppy-rGO, and (b)
W(OCH2CHz)e.
Table S2. Crystallite size and XRD data of the triclinic phase of the nanocomposites.
Phase orientation
Nanocomposites Bragg's angle FWHM (B) d-spacing (&) Crsytal}ite size
(20) (A)
GO 11.091 0.6373 7.971 135
42.493 0.5766 2.126 162
25.711 3.572 3.462 23
Pov-
py-rGO 42719 0.533 2.115 124
MOFs- 24.669 3.965 3.606 21
W(OCH2CHz3)e/P
(OCHRCHPR 1) 693 1.802 2.116 49
y-rGO
Table S3. Empirical formula calculation based on CHNS/O database for GO, Ppy-rGO, and MOFs-
W(OCH:CHj)e/Ppy-rGO.
Sample GO
Element C H N S O
Percentage (%) 42.79 2.107 0.007 1.862 38.099
Number of moles ~ 42.79 3563 2107 209 % = 0.0004 1.862 0,058 38.099 2399
(mol) 12.01 7 1.008 0 ~ 3206 16.00
Smallest ratio 3563 _ 61431 29 _ 36034 0 0058 4 239 _ #1362
0058 0.058 " 0.058 0.058
Simplest ratio 61 36 0 1 41
Sample Ppy-rGO

Percentage (%) 54.164 1.434 2.895 1.975 26.954




Number of moles 54.164 _ 1.434 = 1423 2.895 = 0.207 1.975 = 0.062 26.954 — 1684
(mol) 12.01 1.008 1401 32.06 16.00
Smallest ratio 4510 _ 72.742 1423 22.952 0.207 3.339 0.062 1684 27.161
0.062 "~ 0.062 0.062 0.062 0.062 "
Simplest ratio 73 23 3 1 27
Sample MOFs-W(OCH2CH3)e/Ppy-rGO
Percentage (%) 59.653 1.779 6.202 1.797 13.267
Number of moles  59.653 _ 4967 1.779 — 1765 6.202 _ 0443 1.797 — 0.056 13.267 0829
(mol) 12.01 1.008 1401 32.06 16.00 '
Smallest ratio 1.967 _ 88.696 1765 _ 31.518 0443 _ 7.911 0.056 _ 0829 _ 14.804
0.056 0.056 — 0.056 0.056 0.056
Simplest ratio 89 32 8 1 15

Notes: Molar mass for C: 12.01 g/mol; H: 1.008 g/mol; N: 14.01 g/mol; S: 32.06 g/mol and O: 16.00 g/mol



Table S4. Concentrations of the targeted analytes and the recorded charge transfer resistance.

N Ammonium concentration (uUM) Rcr value (Q)
1 0 258.49
2 0.85 422.27
3 1.26 467.63
4 1.68 670.71
5 2.52 734.45
6 3.35 854.64

Table S5. Weekly Rer value for four weeks of the testing period.

Rer value of MOFs- Rer value of Ppy-rGO
Testing period W(OCH:CH3)e/Ppy-rGO drop- Standard er- drop—casted SPE for trial (Q) Standard er-
casted SPE for trial (Q) ror ror
1 2 3 1 2 3
1st day 258.49 252.09 216.09 +22.857 198.27 198.78 310.61 +64.713
1st week 232.15 252.97 229.9 +12.720 205.14 201.22 314.66 +64.393
2nd week 234.7 256.53 233.69 +12.905 413.68 424.67 230.22 +109.232
3 week 283.48 279.56 265.48 +9.466 434.26 433.47 236.23 +114.105
4th week 286.83 283.3 268.48 +9.737 246.38 291.39 170.1 +61.313

Before the determination of NHas* ions, the effects of different experimental parame-
ters, such as stability tests, reproducibility tests, and different scan rates, were studied and
optimized. EIS is used for electrochemical performance studies. Meanwhile, CV is used to
study the stability of a 2 x 102 wt% MOFs-W(OCH2CHs)s/Ppy-rGO electrode with six con-
centrations of analytes: 0 pM, 1.26 pM, 0.84 uM, 1.68 uM, 2.52 uM and 3.35 uM. As pre-
dicted, higher concentration caused higher resistivity and, thus, low conductivity, as re-
ported in the paper. The redox peak current has increased correspondingly to an incre-
ment of scan rate from 20 mVs™ to 100 mVs™, as confirmed by linear regression with an
R? of 0.9559 as shown in Figure S6A.
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Figure S6. (A) CV curve of W-MOF/Ppy-rGO at different scan rates, EIS curve of MOFs-
W(OCH:CHs)e/Ppy-rGO drop-casted by (B) NaOH and (C) KOH analytes, and CV curve of (D)
NaOH and (E) KOH analytes.

CV analyses of Na* and K+ ion solutions were conducted at 100 mVs! to see the per-
formance stability of the sensor upon detection of analytes at different concentrations. CV
curves exhibit a quasi-rectangular shape without the presence of faradic peaks, which
suggests the presence of double-layer capacitance. Double-layer capacitance (Ca), which
can also be expressed as a constant phase element (CPE), comes from the impedance if
and only if the ideally polarizable electrode is represented as a connection of the Rs and
Cal. As a result, coupling of the resistance with the surface capacitance and adsorption of
ions, as well as chemical inhomogeneities of the surface, occur. At similar scan rates (Fig-
ure S6C and S6D), the CV curve of each analyte showed slight distortion at certain con-
centrations, which displays slight consistency in electronic and ionic transport inside the
supercapacitor electrode material caused by the analyte [6]. Both NaOH and KOH are
strong bases that would completely dissociate in water or an aqueous solution. Hence, the
analyte solution is very conductive and a bit corrosive to the surface of the MOFs-
W(OCH2CH3)e/Ppy-rGO nanocomposite. The CV and EIS curves are correlated to one an-
other, which can be clearly seen because the lowest CV curves showed the highest Rs
value.

Table S6. Reproducibility test with concentrations of the targeted analytes and the recorded
charge transfer resistance.

Concentrations of the analyte Rer value for trial (Q)

Standard error

(uM) 1 2 3
0 331.27 162.29 258.49 +84.7601
0.84 398.01 220.18 422.27 +110.342
1.26 472.79 388.3 467.63 +47.361
1.68 753.02 532.52 670.71 +111.424




2.52 682.37 672.53 734.45 +33.274
3.35 1096.30 861.87 854.64 +137.483

Table S7. Selectivity test with concentrations of NH4*, Na*, and K* analytes solution and recorded
charge transfer resistance.

R value (QQ)

N Concentration (uM) NH- Na K

1 0 258.49 157.07 289.09
2 0.84 422.27 327.26 348.28
3 1.68 670.71 352.31 598.43
4 3.35 854.64 666.32 365.87

(A) (B)

Figure S7. FESEM images of (A) Ppy-rGO and (B) MOFs-W(OCH2CHs)s/Ppy-rGO after degrada-
tion.

Table S8. The performance comparison of the W-MOF/Ppy-rGO-SPE device as an ammonium ions
sensor with the developed ammonium ions sensor.

Materials Technique Concentration range LOD Type of sample Ref.

UV-Visible spectropho-

Silver nanoparticles 180 mgL-1-200

- — -1
(AgNPs) tometer anfi RG]'3 analy 10-1000 mgL mgl Wastewater [7]
sis (colorimetrically)
. Electrochemical Imped-
PANI/Nafion/Cu20/SPE 1-1000 uM 0.5 uM Human serum [8]
ance Spectroscopy (EIS)
. . Ammonium hy-
ZnO nanorod Field-effect transistor o, V1 5 5 mm 0.07uM  droxideinPBS  [9]
(FET)
buffer
Water/1,6-di-
Lipophilic cyclodextrin CV, DPV, and SWV 4.2-66 uM 0.12 pM chlorohexane [10]
micro-interface
Hybrid PVC-bentonite
(mineral montmorillonite | 11X SPECTOSCOPY, EDX, 0y 4y 10 M River [11]
e CV, and EIS
clay) thin film
Photocured poly(n-butyl
acrylate) membrane with Spectrophotometry 10-10°>M ~10*M Sewage [12]

immobilized nonactin




Gold nanoparticles (AuNPs)

A .
based on alanine dehydro- Amperometry and CV 0.1-0.5 mM 0.01 mM mmonttm [13]
chloride
genase (AlaDH)
p-nitrobenzene-diazonium  Spectrophotometry g .
chloride (Riegler’s reagent) 10-60 ppm 7.9 ppm River water [14]
Poll
CoCl.6H20 Spectrophotometry 60-290 mM 16 mM © uiij;iwage [15]
NHs standard
Co?* ions Spectrophotometry 0.6-5.9 mM - stock solutionin  [16]
deionized water
Glutamate dehydrogenase . .
(GALDH) immobilized in PeCtrophotometry (in- o5 o oM 0005my  Asricultural o
. . dothymol method) sample
chitosan film
i istill Thi
W-MOF/Ppy-rGO EIS and CV analyses 0-3.35 uM 027 v piked distilled  This

water work

Abbreviations: RGB: red, green, and blue; Cu20: copper (I) oxide; ZnO: zinc oxide; CoCl2.6H20: cobalt (II) chloride hexahydrate; Co?":
cobalt ions.
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