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Materials. Glacial acetic (99.7%, Fisher Scientific), eutectic gallium-indium (99.99%, Sigma 

Aldrich), Gallium (99.99%, Rotometals), Indium (99.99%, Rotometals), Field’s metal (32.5% 

Bismuth, 51% Indium, and 16.5% Tin, Rotometals), ethanol (>99.2%, Decon Laboratories Inc.), 

deuterium oxide (99.9 atom% D, Sigma Aldrich). Aluminum (ca 99%, US DOE Ames 

Laboratory), Nickel-Aluminum alloy (Ni95%-Al5%, US DOE Ames Laboratory).

Detailed Methods

Solid-State NMR Spectroscopy. All solid-state NMR experiments were performed with a 9.4 T 

Bruker Avance III HD spectrometer. MAS experiments were performed using a Bruker 1.3 mm 

HX probe; the MAS rate was 50 kHz unless mentioned otherwise. Some static 69/71Ga solid-state 

NMR experiments were performed using a 4.0 mm HX static probe. 1H and 13C chemical shifts 

were referenced to neat tetramethylsilane via an external secondary standard of adamantane. 2H 
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chemical shifts and 69/71Ga chemical shifts were referenced with respect to proton chemical shifts 

by the recommended relative frequency scale.1 The 50 kHz MAS 1H SSNMR spectrum was 

acquired with a rotor synchronized spin echo pulse sequence (π/2-τr-π-τr) with 8 scans and a 60 

second recycle delay. The 50 kHz MAS 2H solid-state NMR spectrum of 1 synthesized in D2O 

was acquired with a rotor synchronized solid echo pulse sequence (π/2-τr-π/2-τr) with 1024 

scans, a 10.0 s recycle delay and low power 16 kHz continuous wave 1H decoupling. The 1H-

detected 13C cross-polarization HETCOR spectrum was acquired with a forwards and backwards 

cross-polarization pulse sequence.2 A 2.5 ms contact time was used for the forwards and 

backwards cross-polarization steps. During cross-polarization, the 1H pulse power was linearly 

ramped3 from 110 kHz to 138 kHz and the 13C rf field was fixed at ca. 74 kHz. The 2D spectrum 

was acquired with 4 scans per increment, a recycle delay of 2.5 s, 1024 t1 increments, and a t1 

increment of 40.0 μs. During the indirect dimension 13C evolution period, low power continuous 

wave 1H decoupling was applied with an rf field of ca. 16 kHz.  Quadrature detection in the 

indirect dimension was achieved with the States-TPPI procedure.4-5

71Ga pulse widths were calibrated with a 1.0 M aqueous solution of GaCl3, while 13C 

pulse calibrations were used to calibrate 69Ga pulses. Static 69/71Ga SSNMR spectra were 

acquired with the WURST-QCPMG pulse sequence.6-7 Continuous wave 1H hetero-nuclear 

decoupling with an rf field of 50 kHz was applied for the duration of the static WURST-QCPMG 

experiments. The 71Ga SSNMR spectrum was acquired with 25 μs WURST pulses with a total 

frequency sweep width of 600 kHz and a single transmitter offset. Two spectra acquired with 

WURST pulses of opposite sweep direction were co-added and each spectrum was acquired with 

512 scans and a 0.5 s recycle delay. 60 echoes of 100 μs duration each were acquired. All 69Ga 

SSNMR sub-spectra were acquired with 25 μs WURST pulses which swept over 800 kHz. The 

variable offset cumulative spectra (VOCS) procedure8 was used to acquire the total 69Ga 

SSNMR spectrum. The total spectrum was formed by co-adding the 9 sub-spectra acquired by 

incrementing the transmitter frequency in steps of 180 kHz. For each transmitter offset two 

WURST-QCPMG spectra were acquired with opposite pulse sweep directions. Each sub-

spectrum was acquired with 1200 scans and a 0.5 s recycle delay. The MAS 71Ga SSNMR 

spectrum was acquired with an MAS frequency of 50 kHz with a rotor synchronized QCPMG 

pulse sequence with 1128 scans and a 0.5 s recycle delay.9-10 The central transition selective π/2 

and π pulses were 0.94 μs and 1.88 μs, respectively. The MAS QCPMG SSNMR spectrum was 



obtained with 40 spin echoes, each of which was 200 μs in duration. Echo reconstructed MAS 

and static 71Ga SSNMR spectra were formed from the CPMG spectra by co-adding each of the 

spin echoes in the CPMG echo-train together, then Fourier transforming the resulting whole spin 

echo.11-12 

For the formic acid and 50% acetic acid solution coordination polymers, static 69/71Ga 

SSNMR spectra were acquired with a Bruker 4 mm HX static probe using the WURST-QCPMG 

pulse sequence and VOCS procedure. 25 s WURST pulses with a total frequency sweep width 

of 600 kHz were employed and two WURST-QCPMG spectra were obtained at each transmitter 

position with opposite sweep directions. An rf field of ca. 20 kHz was used for the WURST 

pulses while the 1H decoupling rf field was set to ca. 60 kHz for acquiring 71Ga SSNMR spectra 

and ca. 30 kHz for acquiring 69Ga solid-state NMR spectra. The duration of each echo was set to 

200 s and 100 s respectively, for 71Ga and 69Ga WURST-QCPMG spectra. The number of 

echoes in the 71Ga and 69Ga QCPMG echo-trains were 70 and 50, respectively in case of the 

Formic acid polymer and 50 and 35, respectively for the 50% Acetic acid polymer. The total 

spectrum was obtained by co-adding multiple sub-spectra acquired by incrementing the 

transmitter frequency in steps of 150 kHz. In each case, the transmitter was stepped on either 

side of the ‘zero’ position until no signal could be observed. Recycle delays of 0.25 s and 0.1 s 

were used to obtain 71Ga and 69Ga WURST QCPMG spectra, respectively with 256 scans for the 

formic acid sample and 512 scans for the 50% Ac sample.

The 2D 1H-71Ga dipolar hetero-nuclear multiple-quantum correlation (D-HMQC) 

spectrum was acquired using the previously described constant-time pulse sequence.13-14,20 The 

2D spectrum was acquired with 32 scans per t1 increment, a recycle delay of 1.0 s, 160 total t1 

increments and the t1 increment was 1.25 μs. In order to increment t1 asynchronously with 

respect to the rotor period, the spin echo block in the center of the D-HMQC pulse sequence was 

fixed to a rotor synchronized total period of 120 μs and the π/2 pulses on 71Ga were incremented 

outwards from the central 1H π pulse.15 Short, high power CT selective 0.61 μs π/2 pulses were 

applied to 71Ga in the HMQC pulse sequence in order to obtain broadband excitation. 

Supercycled R42
1 dipolar recoupling14, 16 was applied for a total duration of 1280 μs (32 rotor 

cycles for excitation and reconversion). Quadrature detection in the indirect dimension was 

achieved with the States-TPPI procedure.4-5 Analytical simulations of static and MAS 69/71Ga 



SSNMR spectra were performed in the solid lineshape analysis (SOLA) module v2.2.4 included 

in the Bruker Topspin v3.2 software. 

Other Instruments. Scanning electron micrographs were obtained using Zeiss Supra55VP field 

emission SEM and FEI Helios NanoLab G3 UC under immersion mode. X-ray photoelectron 

spectroscopy was performed using Thermo Scientific K-Alpha XPS. Infrared spectroscopy was 

performed using Perkin Elmer Frontier FT-MIR spectrometer in attenuated total reflectance 

(ATR) mode. The Rigaku Smartlab X-ray diffractometer was used to perform all powder x-ray 

diffraction experiments. 

Figure S1. Step-like structures suggesting that the beams consist of stacked sheets.



Figure S2. Characterization of heat treated nanobeams. (A) TGA and DSC showing two 

decomposition steps occurring from 188 to 240 °C and from 240 to ~446 °C and their 

corresponding endothermic peaks in the DSC.  Expanded region of DSC highlighting the 

crystallization and conversion of the nanobeams to β-Ga2O3. (B) Mass spectrum of the gas 

evolved during the TGA experiment at 243 °C and 296 °C (C) FTIR of the gas evolved during 

TGA. The intense signal occur at the major events at 243 °C and 296 °C. 

At the higher temperature degradation step the major product is carbon dioxide with its 

characteristic IR peaks at 2362 cm-1. Additional minor products are acetic acid, acetate, water, 

and CO. The MS peaks at 58, 44, 38, 18, 15, and 12 m/z were attributed to C2O2H2
+, CO2

+, CO+, 



H2O+, CH3
+, and C+ respectively. The majority of the water loss occurs before 300 °C while 

more extensive decomposition of the acetates into carbon dioxide occurs around 300 °C.

FTIR and MS spectra shows that the first degradation product is acetic acid with the 

characteristic OH stretches around 3581 cm-1 from the trans-monomer acetic acid and C=O 

stretches around 1797 cm-1. Additional peaks are observed at 1558 and 1448 cm-1 correspond to 

a non-protonated acetate. Finally, weak and broad water peaks are observed around 3311 cm-1. 

The MS matches this assessment with a molecular ion peak at 60 m/z and fragmentation peaks at 

44, 28, 18, 15 m/z corresponding to CO2
+, CO+, H2O+, and CH3

+ respectively. The first 

degradation step could be a reaction along the close and strongly bound bridging OH groups that 

occur along the polymerization direction of the nanobeams. This inference is supported by both 

TGA-IR-MS and considering that a labile dative bond is necessary to complete the coordination 

sphere along the 1D chain.



Figure S3. Powder X-ray diffraction before and after heat treatment at 800˚C, the material 

crystallizes into β-Ga2O3.



Figure S4. Elemental map created using Energy Dispersive X-ray spectrometry in an SEM 

showing the composition of the nanobeams is high in oxygen content. Si peaks originate from 

the Si wafer used as the substrate for imaging.



Infrared spectroscopy

Figure S5. IR spectroscopy of nanobeam vs sodium acetate.

Acetic acid shows characteristic IR absorptions between 1300 – 1200 cm-1 and 1750 – 1700 cm-1 

for C–O and C=O peaks, respectively. 17 Absence of these carboxylate peaks in FTIR spectra of 

nanobeams shown in Figure S5 indicates that all free carboxylate ions are washed out and 

interstitial acetic acid compounds are absent in the fabricated structure. Sodium acetate, which 

show absorptions at 1563 cm-1 and 1406 cm-1 corresponding to asymmetric and symmetric 

acetate stretching, respectively, was used as a reference.17-18 The nanobeams have a strong CO2 

antisymmetric stretching peak at 1554 cm-1 and CO2 symmetric stretching peaks at 1459 cm-1 

and 1410 cm-1, all of which are similar to the peak positions observed in sodium acetate. The 

wavenumber difference between the asymmetric and symmetric peaks in the nanobeams is 95 

cm-1 (for the symmetric stretch at 1459 cm-1) and 144 cm-1 (for the symmetric stretch at 1410 cm-

1). In sodium acetate this difference is 157 cm-1 which is slightly larger than for the nanobeams. 

This smaller frequency difference in the nanobeams can likely be attributed to stronger binding 

of the acetate ligands due to bridging or chelating binding. 24,25 It is also found out that adsorbed 

OH peaks on IR spectrum can be eliminated by washing the beam through acetone rather than 

ethanol (broad OH absorbance between 3000 cm-1 and 3600 cm-1 in Figure 3f-g). 



Figure S6. AFM topography images of a nanobeam demonstrating that the sides are curled. 

Figure S7. Additional AFM topography images of nanobeams and a table of their measured 

height.



X-ray photoelectron spectroscopy

The gallium peak at 20.7 eV is consistent with a fully oxidized gallium to Ga3+. There is, 

however, no peak around 18.7 eV consistent with the absence of elemental gallium from the 

EGaIn precursor. The oxygen peak at 532.0 eV is consistent with oxygen in organic compounds 

and not in metal oxides that are typically seen around 529-530 eV. Further details on the organic 

bond, however, is almost impossible to interpret because of broad overlapping peaks. The carbon 

content in the structure is confirmed with the peak at 288.9 eV, which can be attributed to C=O 

groups.19

Additional Details on the NMR Experiments Shown in Figure 3

The MAS 1H solid-state NMR spectrum of coordination polymers obtained by etching of 

EGaIn in 5% acetic acid solution was obtained with an MAS frequency of 50 kHz is shown in 

the upper part of Figure 3a, and shows a single peak with an isotropic chemical shift of ca. 1.9 

ppm. This chemical shift agrees well with the expected chemical shift for the methyl groups of 

acetate. Other distinct 1H signals that could correspond to either hydroxyl protons or water 

included in lattice of nanobeams are not observed. For this reason, 50 kHz MAS 2H solid-state 

NMR experiments on nanobeams grown in D2O were performed (Figure 3a). Signals from the 

methyl group of acetate should be absent since the exchange of the methyl protons with 2H will 

be very slow. Therefore, only signals from deuterated hydroxyl groups and any potential D2O 

incorporated into the lattice will be observed. The isotropic region of the 2H solid-state NMR 

spectrum shows a single peak visible at a frequency of ca. 2.6 ppm, which is assigned to 

deuterated hydroxyl groups coordinated to Ga. The 2H peak position, however, is affected by the 

second order quadrupolar interaction so that the peak position does not correspond to the true 2H 

chemical shift. By fitting the 2H sideband manifold (inset, Figure 3a) the quadrupole parameters 

and real 2H isotropic chemical shift can be determined. An isotropic 2H chemical shift of 1.9 ppm 

is determined from the fit of the isotropic peak and sideband manifold. Therefore, the 1H 

chemical shift of the hydroxyl groups and acetate methyl protons are coincident, and this 

explains why only a single broad signal was observed in the 1H NMR spectrum.



A proton detected 1H-13C dipolar HETCOR spectrum shown in Figure 3b confirms the 

presence of acetate anions in the coordination polymer. The 13C dimension shows two signals 

with chemical shifts of 24.5 ppm and 179.0 ppm which are characteristic of the methyl group and 

the carboxylic acid carbon of the acetate ligands coordinated to gallium. The 13C dimension only 

shows the presence of one set of 13C signals. This is in agreement with the IR results that suggest 

that all acetate ligands within the lattice around are bound to Ga, i.e., there are no interstitial non-

coordinating acetate/acetic acid as has previously been observed in a Ga hydroxide-acetate 

coordination polymer.20 The observation of a single set of signals also suggests that all acetate 

ligands within the lattice are equivalent. This is consistent with the crystal structure existing as a 

symmetric repeating coordination polymer (vide infra, Figure 1A).

Gallium possesses two highly abundant NMR active nuclei 69Ga (N.A. = 60.1 %) and 
71Ga (N.A. = 39.9 %). Both are quadrupolar I = 3/2 nuclei with substantial quadrupole moments. 
71Ga gives rise to narrower solid-state NMR powder patterns due to its higher magnetogyric ratio 

(υ0(71Ga) = 122.1 MHz at 9.4 T) and its smaller quadrupole moment and is usually the preferred 

isotope for NMR. Previous 69/71Ga solid-state NMR spectra have been acquired for oxides,8, 21-23 

coordination polymers, 24 metal-organic frameworks (MOFs), 25-26 organometallic dyes, 27 and 

inorganic cluster compounds.28 The observed 69/71Ga NMR powder patterns frequently span 

hundreds of kHz due to substantial broadening by the second-order quadrupolar interaction. The 

large breadths of the 69/71Ga solid-state NMR spectra often necessitate special wide line solid-

state NMR techniques.8, 29

The static (i.e., stationary sample) and MAS 71Ga SSNMR spectra of nanobeams are 

shown in Figure 3c. The static 69Ga SSNMR spectrum is shown in Figure S8. We have acquired 

spectra of both Ga isotopes in order to obtain accurate electric field gradient (EFG) and chemical 

shift (CS) tensor parameters from simulations of the experimental spectra (Table S1). The 

spectra can be satisfactorily fit with a single site with a large quadrupolar coupling constants 

(CQ) of 16.9 MHz and 26.9 MHz, for 71Ga and 69Ga, respectively, and a quadrupolar asymmetry 

parameter (ηQ) of 0.14. An MAS 71Ga SSNMR spectrum was also acquired with a fast MAS 

frequency of 50 kHz (Figure 3c). The MAS 71Ga SSNMR spectrum confirms that the fits of the 

static NMR spectra are accurate and enables a more precise measurement of the isotropic 

chemical shift (δiso). Finally, a 2D 1H-71Ga constant time D-HMQC dipolar correlation spectrum 



directly confirms the spatial proximity of Ga to the acetate and/or hydroxyl ligands (Figure 

3d).30-31

Table S1. Chemical shift and electric field gradient tensor parameters obtained from simulations 

of 71Ga and 69Ga static and MAS solid-state NMR spectra.

NMR 

Parametera

71Ga/69Ga

iso (ppm) –15(20)

CQ (MHz)b 16.9(3) / 

26.9(3)

Q 0.14(5)

 (ppm)c 340

 0.53

 (°) –10

 (°) 25

 (°) 30

aThe CS tensor is defined by three principal components ordered such that δ11 ≥ δ22 ≥ δ33, δiso = 
(δ11 + δ22 + δ33)/3, Ω = δ11 – δ33 and κ = 3(δ22 – δiso)/Ω. The EFG tensor is described by three 
principal components ordered such that |V11| ≤ |V22| ≤ |V33|, CQ = eQV33/h and ηQ = (V22 – 
V11)/V33. The Euler angles describe the relative orientations of the EFG and CS tensors. 
Uncertainties in experimental parameters are indicated in parentheses. bThe CQ values for 69Ga 
and 71Ga are directly proportional to the quadrupole moment of the nucleus, therefore, spectra 
from both nuclei were simulated simultaneously with the constraint, 
CQ (69 Ga)  Q(69 Ga) / Q(71Ga)  CQ (71Ga)  1.59 CQ (71Ga) . cThe uncertainties associated with the CS and 
EFG tensor parameters and Euler angles are very large (±50%) and are included as adjustable 
parameters to improve the quality of the simulations. Acquisition of data at multiple magnetic 
fields could improve the uncertainties associated with these parameters.

On the basis of the EFG and CS tensor parameters extracted from the experimental 
69/71Ga SSNMR spectra, several conclusions regarding the structure of 5% acetic acid 

coordination polymer can be made: (i) The determined isotropic chemical shift of –25 ppm is 



similar to those previously reported for 6-coordinate Ga found in oxides and Ga phosphonate-

hydroxide complexes. 21, 24 Note that 4-coordinate Ga typically possesses an isotropic chemical 

shift of ca. +200 ppm.21-22 The measured δiso suggests that the Ga coordination environment in 

the coordination polymer must be 6-coordinate. (ii) The observation of a single Ga site in the 

NMR spectra suggests that the structure of coordination polymer must be symmetric so that all 

Ga sites within the lattice are equivalent; there should only be a single repeating unit within the 

coordination polymer chains. (iii) It is well known that the magnitude of CQ depends upon the 

symmetry at the nuclear site, with spherically symmetric sites possessing small or vanishing CQ 

and distorted non-spherically symmetric sites possessing large CQ. 32-33 The observed value of 

CQ(71Ga) = 16.9 MHz for coordination polymer is similar in magnitude to values of CQ(71Ga) 

reported for distorted octahedral Ga coordination environments in Ga based MIL-120 and MIL-

124 MOFs,25 coordination complexes 21, 24 and hydroxide cluster compounds.28 Bonding to 

different ligands would likely result in different Ga-O bond lengths and distorted octahedral 

coordination environments. A large value of CQ is therefore consistent with bonds to multiple 

types of ligands, such as bridging hydroxyl and acetate ligands. Taken together, the isotropic 

chemical shift and large CQ observed for 69/71Ga strongly suggests that the Ga coordination 

environment is a highly distorted 6-coordinate coordination environment.

Description of NMR Experiments on Gallium Oxide. Figure S8 shows the MAS and static 
71Ga solid-state NMR spectra of the Ga2O3 obtained from thermal treatment of nanobeams. 

Simulations of 71Ga NMR spectra with parameters previously reported for β-Ga2O3 show good 

agreement with the experimental 71Ga NMR spectra.8 This is consistent with powder X-ray 

diffraction which indicates the formation of β -Ga2O3 upon heating of the coordination polymer.
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Figure S8. (A) Static 71Ga solid-state NMR spectrum of β-Ga2O3 (black traces). The β-Ga2O3 
was obtained from heat treatment of the coordination polymer derived from etching of EGaIn in 
5% acetic acid solution. (B) MAS 71Ga solid-state NMR spectrum acquired with an MAS 
frequency of 50 kHz. Analytical simulations of the NMR spectra are shown as red traces. The 
analytical simulations use the 71Ga NMR parameters previously reported for β-Ga2O3. Blue and 
green traces show the simulations of the six-coordinate and four-coordinate Ga sites. (C) Static 
69Ga solid-state NMR spectrum of the gallium coordination polymer derived from 5% acetic acid 



(black trace) acquired with the WURST-QCPMG pulse sequence and analytical simulation (red 
trace).

Calculating yield of and wt% of Ga in the heat-treated acetic acid nanobeam

The final product is assumed to be Ga2O3 which has a molar mass is given of 187.4 g mol–1. For 

the predicted structures of the 1D coordination polymer, the molar masses are multiplied by a 

factor of 2 to compare to the Ga2O3 which contains 2 Ga atoms. TGA (Figure 2a) of Ga-based 

nanobeam resulted in 60% mass of Ga2O3.

(1) 2[Ga(μ-OH)2(μ-O2CCH3)] 

2*(69.7 + 16.0*4 + 1.0*5 + 12*2) = 325.4 g 

Wt% Ga = (139.4/325.4)*100 = 42.8%

Estimated yield of Ga2O3 from thermal treatment = (187.4/325.4)*100 = 57.6%

(2) 2[Ga(μ-OH)( μ-O2CCH3)2]

2*(69.7 + 16.0*5 + 1.0*7 + 12*4) = 409.4 g

Wt% Ga = (139.4/409.4)*100 = 34%

Estimated yield = (187.4/409.4)*100 = 45.8%



Table S2. Chemical shift and electric field gradient tensor parameters obtained from simulations 
of 71Ga and 69Ga static solid-state NMR spectra of the different coordination polymers. 

Coordination Polymer 5% Acetic 
Acid 

50% Acetic 
Acid Solution

Propanoic 
Acid

Formic Acid
Site 1

Formic Acid
Site 2

NMR Parametera

iso (ppm) –15(20) 10(40) –20(30) 0.0(30) 0.0(50)
CQ(71Ga) 
CQ(69Ga) (MHz)b

16.9(3)
26.9(3)

21.0(4)
33.5(4)

19.0(5)
–

23.0(5)
36.6(8)

14.5(9)
23.0(9)

Q 0.14(5) 0.70(5) 0.09(5) 0.6(1) 1.0(1)
 (ppm)c 340 280 350 200 200
 c 0.53 0.0 –0.42 0.5 0.8
 (°)c –10 0 0 0 0
 (°)c 25 0 40 45 30
 (°)c 30 0 60 60 0
a The CS tensor is defined by three principal components ordered such that δ11 ≥ δ22 ≥ δ33, δiso = 
(δ11 + δ22 + δ33)/3, Ω = δ11 – δ33 and κ = 3(δ22 – δiso)/Ω. The EFG tensor is described by three 
principal components ordered such that |V11| ≤ |V22| ≤ |V33|, CQ = eQV33/h and ηQ = (V22 – 
V11)/V33. The Euler angles describe the relative orientations of the EFG and CS tensors. 
Uncertainties in experimental parameters are indicated in parentheses. b 69Ga and 71Ga both have 
I = 3/2 and therefore the CQ values for 69Ga and 71Ga are directly proportional to the quadrupole 
moment of each nucleus. CQ was accurately determined by simulating spectra from both nuclei 
simultaneously with the constraint, . cThe CQ (69 Ga)  Q(69 Ga) / Q(71Ga)  CQ (71Ga)  1.59 CQ (71Ga)

uncertainties associated with the CS tensor parameters ( and ) and Euler angles (and 
are very large (±50%). They were included as adjustable parameters to improve the quality of the 
simulations. Acquisition of data at higher fields could improve the uncertainties associated with 
these parameters.



Figure S9. PXRD of coordination polymers synthesized using different alloys in acetic acid. 
GaInSn and NiAl resulted in the same structure as pure Ga and Al.

Table S3. Distribution of metal center in InBiSn derived coordination polymer from EDS.

Metal atom Distribution %
In 51.7
Sn 28
Bi 20.3



Figure S10. FTIR of coordination polymers synthesized using different metals in acetic acid. 
Acetate and hydroxyl ligands can be observed in all cases.

Figure S11. FTIR of coordination polymers synthesized using different alloys in acetic acid. 
Acetate and hydroxyl ligands can be observed in all cases.



Calculating yield of and wt% of Ga in the heat-treated formic acid nanobeam

The final product is assumed to be Ga2O3 which has a molar mass is given of 187.4 g mol–1. For 

the predicted structures of the 1D coordination polymer, the molar masses are multiplied by a 

factor of 2 to compare to the Ga2O3 which contains 2 Ga atoms. TGA (Figure 6f) of Ga-based 

formic acid nanobeam resulted in 62% mass of Ga2O3.

(1) 2[Ga(μ-OH)2(μ-O2CH)] 

2*(69.7 + 16.0*4 + 1.0*3 + 12) = 297.4 g 

Wt% Ga = (139.4/297.4)*100 = 46.9%

Estimated yield of Ga2O3 from thermal treatment = (187.4/297.4)*100 = 63%

(2) 2[Ga(μ-OH)(μ-O2CH)2]

2*(69.7 + 16.0*5 + 1.0*3 + 12*2) = 353.4 g

Wt% Ga = (139.4/353.4)*100 = 39.4%

Estimated yield = (187.4/353.4)*100 = 53%

Calculating yield of and wt% of Ga in the heat-treated propionic acid nanobeam

The final product is assumed to be Ga2O3 which has a molar mass is given of 187.4 g mol–1. For 

the predicted structures of the 1D coordination polymer, the molar masses are multiplied by a 

factor of 2 to compare to the Ga2O3 which contains 2 Ga atoms. TGA (Figure S13) of Ga-based 

propionic acid nanobeam resulted in 42% mass of Ga2O3.

(1) 2[Ga(μ-OH)2(μ-O2CCH2CH3)] 

2*(69.7 + 16.0*4 + 1.0*7+ 12*3) = 353.4 g 

Wt% Ga = (139.4/353.4)*100 = 39.4%

Estimated yield of Ga2O3 from thermal treatment = (187.4/353.4)*100 = 53%

(2) 2[Ga(μ-OH)(μ-O2CCH2CH3)2]

2*(69.7 + 16.0*5 + 1.0*11 + 12*6) = 465.4 g

Wt% Ga = (139.4/465.4)*100 = 30%

Estimated yield = (187.4/465.4)*100 = 40.2%



Figure S12. Static 69Ga solid-state NMR spectrum (black trace) and analytical simulation (red 
trace) for the gallium coordination polymer derived from formic acid. The static 71Ga NMR 
spectrum is shown in Figure 4g.

Figure S13. Static 69Ga solid-state NMR spectrum (black trace) and analytical simulation (red 
trace) for the coordination polymer derived from etching with 50% acetic acid solution. The 
static 71Ga solid-state NMR spectrum is shown in the main text (Figure 4h).
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