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Calibration Lines for the Quantitative Analyses

FAAS:  The calibration line for total Fe by FAAS was quite linear: 
Absorbance = (ppm Fe)(0.0198) + (0.005); relative standard error = 0.021; rxy2 = 0.9992.

PHOSPHATE: The molybdophosphate colorimetric method for inorganic phosphate Pi gave a very linear calibration line:  
Absorbance = (µM Pi)(0.0224) + (0.007); relative standard error = 0.0095; rxy2 = 0.99986.

POTENTIOMETRY:  The calibration line for potentiometry at the Pt electrode (Calomel reference) was quite linear:  
mV = 58.2 [Fe(II)]/[Fe(III)]  + 197		rxy2 = 0.988

CE: 	The calibration line for Fe(II) determination was quite linear: 
Peak area = 45 [Fe(II)] + 0.5		rxy2 = 0.997

The calibration line for Fe(III) determination was quite linear:
Peak area = 22 [Fe(III)] – 2		rxy2 = 0.995



Components of acetobacter solution for conversion of ethanol to acetic acid.

Nutrients are necessary to give the acetobacter bacteria something besides ethanol to work with in fermentation. A common recipe is 1 gram yeast extract or dry malt extract plus 1 gram yeast nutrient ((NH4)2HPO4) plus a dash of epsom salt (MgSO4) per gallon of ethanol. The yeast / dry malt extract may contain significant amounts of glucose, fructose, mineral salts, vitamins, and fatty acids, along with the bacteria. Specifically: (expressed in g/L): glucose (100.0), fructose (100.0), tartaric acid (3.0), citric acid (0.3), l-malic acid (0.3), MgSO4 (0.2), and KH2PO4 (2.0). Nitrogen sources were adjusted to 190 mg/L as (NH4)2SO4 (0.3 g/L) and asparagine (0.6 g/L). Mineral salts (mg/L): MnSO4·H2O (4.0), ZnSO4·7H2O (4.0), CuSO4·5H2O (1.0), KI (1.0), CoCl2·6H2O (0.4), and (NH4)6·MO7O24·4H2O (1.0), H3BO3 (1.0). Vitamins (mg/L): mesoinositol (300.0), biotin (0.04), thiamin (1.0), pyridoxine (1.0), nicotinic acid (1.0), pantothenic acid (1.0), and pamino benzoic acid (1.0). Fatty acids (mg/L): palmitic acid (1.0), palmitoleic acid (0.2), stearic acid (3.0), oleic acid (0.5), linoleic acid (0.5), and linolenic acid (0.2). 

References: 
(1)Xingyan L.; Bo J.; Xiangyu S.; Jingya A.; et al. J. Food Sci. 2015, 80(4), M800-M808.
(2) https://supremevinegar.com/2016/08/22/white-distilled-vinegar-ingredients-explained/




Factorial Design Screening Study of Vinegar Components for Effect on Reaction Rate

	Initial half-fraction factorial screening of 4 factors: 
MgCl2 & Pi, Ethanol, Ethyl Acetate, Beer (brewing mix)
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Follow-up half-fraction factorial screening of 4 factors:
		Pi, MgCl2, Hydrogen Peroxide, Container size
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X-ray Powder Diffraction
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X-ray powder diffraction patterns for solid recovered by rapid evaporation from filtrate of reaction mixture (upper, red trace) and for basic iron acetate as calculated (lower, black trace). Patterns are very similar, confirming the identity of the solid product. 



X-ray Crystallography

[image: ]







Brown crystal of the reaction product of aged Rhodes steel wool and distilled white vinegar, collected after a week of solution evaporation. The crystal size is about 0.1 mm on each edge.
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Structure of crystal generated from reaction of Rhodes steel wool and DW vinegar and slow evaporation of the final reaction solution.



The structure contains additional 715 Å 3 of solvent accessible voids, presumably occupied by acetic acid molecules, water molecules, or other minor impurities present in the solvent mixture. Electron density peaks featured less than 2.4 electron per Å 3 and the residual electron density peaks are not arranged in an interpretable pattern. The structure factors were instead augmented via reverse Fourier transform methods using the SQUEEZE routine (van der Sluis 1990) as implemented in the program Platon (Spek 2003) . The resultant FAB file containing the structure factor contribution from the electron content of the void space was used in together with the original hkl file in the further refinement. (The FAB file with details of the Squeeze results is appended to this cif file). The Squeeze procedure corrected for 180 electrons within the solvent accessible voids.
The data match in large parts two previously published structures (CSD ref codes ZUSJEC and ZUSJEC01, .Sato, F. Ambe, K. Endo, M. Katada, H. Maeda, T. Nakamoto, H. Sano J. Am. Chem. Soc. (1996), 118, 3450. Doi:
10.1021/ja953038y). They differ by the content of the solvate molecules which are ordered water molecules for
the published structures and are highly disordered unidentified molecules for the current dataset. The metal-
complex is unchanged between the three structures.
The report below and the CIF file were generated using FinalCif (Kratzert 2022).

References:
van der Sluis, P.; Spek, A.L. Acta Cryst. 1990, A46, 194-201.
Spek, A. L. J. Appl. Cryst., 2003, 36, 7-13.
Kratzert. FinalCif, V106, https://dkratzert.de/finalcif.html [accessed June 2022]




Table 1. Crystal data and structure refinement



1

CCDC number
Empirical formula C 12 H 24 Fe 3 O 16
Formula weight 591.86
Temperature [K] 150(2)
Crystal system monoclinic
Space group (number) C2/c (15)
a [Å] 26.745(3)
b [Å] 13.7958(17)
c [Å] 15.1386(15)
α [°] 90
β [°] 122.574(3)
γ [°] 90
Volume [Å 3 ] 4707.0(9)
Z 8
ρ calc [gcm −3 ] 1.670
μ [mm −1 ] 1.894
F(000) 2416
Crystal size [mm 3 ] 0.130×0.120×0.040
Crystal colour brown
Crystal shape platelet
Radiation MoK α (λ=0.71073 Å)
2θ range [°] 5.38 to 56.68 (0.75 Å)
Index ranges −35 ≤ h ≤ 35
−18 ≤ k ≤ 18
−17 ≤ l ≤ 20
Reflections collected 32035
Independent reflections 5842
R int = 0.0693
R sigma = 0.0466
Completeness to
θ = 25.242°
99.7 %
Data / Restraints / Parameters 5842/6/304
Goodness-of-fit on F 2 1.019
Final R indexes
[I≥2σ(I)]
R 1 = 0.0522
wR 2 = 0.1346
Final R indexes
[all data]
R 1 = 0.0705
wR 2 = 0.1491
Largest peak/hole [eÅ −3 ] 1.35/-0.68



m
Table 2. Atomic coordinates and U eq  [Å 2 ]
Atom x y z U eq



1

Fe1 0.32410(2) 0.54282(4) 0.33648(4) 0.02704(14)
Fe2 0.39001(2) 0.60241(4) 0.21357(4) 0.02886(15)
Fe3 0.34687(2) 0.77171(4) 0.30903(4) 0.02651(14)
O1 0.35371(10) 0.64061(16) 0.28571(17) 0.0213(4)
O2 0.25926(14) 0.7645(2) 0.2566(4) 0.0680(13)
O3 0.24527(15) 0.6152(3) 0.2867(3) 0.0626(11)
O4 0.37324(16) 0.7570(2) 0.4627(2) 0.0474(8)
O5 0.3655(2) 0.6016(3) 0.4846(3) 0.0766(15)
O6 0.3225(2) 0.8186(3) 0.1630(3) 0.0665(12)
O7 0.34573(18) 0.7004(4) 0.0944(3) 0.0646(11)
O8 0.43193(13) 0.8084(2) 0.3593(3) 0.0425(7)
O9 0.46037(17) 0.6933(4) 0.2952(4) 0.0822(16)
O10 0.27860(17) 0.4679(2) 0.1960(2) 0.0488(8)
O11 0.32605(17) 0.5048(3) 0.1194(3) 0.0716(14)
O12 0.39647(16) 0.4529(3) 0.3934(4) 0.0686(13)
O13 0.44220(18) 0.4966(4) 0.3153(3) 0.0732(13)
O14 0.33759(16) 0.9195(3) 0.3368(3) 0.0599(11)
H14A 0.354(3) 0.964(4) 0.323(6) 0.090
H14B 0.3057(19) 0.947(5) 0.317(6) 0.090
O15 0.29162(15) 0.4368(3) 0.3944(2) 0.0537(10)
H15A 0.309(3) 0.428(5) 0.4591(18) 0.081
H15B 0.276(3) 0.387(3) 0.358(5) 0.081
O16 0.43075(13) 0.5625(3) 0.1315(3) 0.0551(10)
H16A 0.421(3) 0.549(5) 0.071(2) 0.083
H16B 0.460(2) 0.596(4) 0.146(6) 0.083
C1 0.22768(18) 0.6972(4) 0.2548(4) 0.0459(11)
C2 0.1630(2) 0.7185(5) 0.2101(7) 0.088(3)
H2A 0.148303 0.763512 0.151101 0.133
H2B 0.158518 0.747696 0.264432 0.133
H2C 0.140274 0.658018 0.185772 0.133
C3 0.3795(2) 0.6859(4) 0.5175(3) 0.0458(11)
C4 0.4073(4) 0.7031(6) 0.6324(5) 0.101(3)
H4A 0.376388 0.720064 0.645889 0.151
H4B 0.435902 0.756293 0.655223 0.151
H4C 0.427682 0.644081 0.671250 0.151
C5 0.32664(19) 0.7843(4) 0.0929(3) 0.0459(12)
C6 0.3067(3) 0.8457(6) -0.0028(4) 0.090(3)
H6A 0.321734 0.817876 -0.043649 0.135
H6B 0.322040 0.911696 0.018810 0.135
H6C 0.263205 0.847461 -0.045883 0.135
C7 0.46901(18) 0.7701(3) 0.3463(3) 0.0387(10)
C8 0.5288(2) 0.8180(5) 0.3962(6) 0.077(2)
H8A 0.559627 0.768175 0.420371 0.115
H8B 0.536026 0.857110 0.455990 0.115
H8C 0.529710 0.859746 0.344718 0.115
C9 0.28706(16) 0.4589(3) 0.1242(3) 0.0332(8)
C10 0.2477(2) 0.3909(4) 0.0367(4) 0.0545(13)
H10A 0.234517 0.422143 -0.030618 0.082
H10B 0.213126 0.374410 0.039970 0.082
H10C 0.269777 0.331753 0.043346 0.082
C11 0.4365(2) 0.4444(3) 0.3767(4) 0.0522(15)
C12 0.4824(3) 0.3667(4) 0.4349(6) 0.094(3)
H12A 0.462531 0.304424 0.425666 0.141
H12B 0.506405 0.383003 0.509596 0.141
H12C 0.508035 0.362185 0.407179 0.141.  
U eq is defined as 1/3 of the trace of the orthogonalized U ij tensor.



Top of FormBottom of Form

Table 3. Bond lengths and angles
Atom–Atom Length [Å]



1

Fe1–O1 1.922(2)
Fe1–O12 2.057(4)
Fe1–O5 2.059(3)
Fe1–O10 2.070(3)
Fe1–O3 2.073(4)
Fe1–O15 2.117(3)
Fe2–O1 1.885(2)
Fe2–O13 2.033(4)
Fe2–O9 2.034(3)
Fe2–O11 2.036(3)
Fe2–O7 2.045(4)
Fe2–O16 2.120(3)
Fe3–O1 1.871(2)
Fe3–O2 2.032(3)
Fe3–O8 2.036(3)
Fe3–O6 2.045(3)
Fe3–O4 2.046(3)
Fe3–O14 2.123(3)
O2–C1 1.245(6)
O3–C1 1.221(6)
O4–C3 1.237(6)
O5–C3 1.241(6)
O6–C5 1.220(7)
O7–C5 1.260(7)
O8–C7 1.229(5)
O9–C7 1.258(6)
O10–C9 1.230(5)
O11–C9 1.255(5)
O12–C11 1.231(7)
O13–C11 1.249(8)
O14–H14A 0.85(2)
O14–H14B 0.83(2)
O15–H15A 0.84(2)
O15–H15B 0.83(2)
O16–H16A 0.83(2)
O16–H16B 0.83(2)
C1–C2 1.508(6)
C2–H2A 0.9800
C2–H2B 0.9800
C2–H2C 0.9800
C3–C4 1.498(6)
C4–H4A 0.9800
C4–H4B 0.9800
C4–H4C 0.9800
C5–C6 1.506(6)
C6–H6A 0.9800
C6–H6B 0.9800
C6–H6C 0.9800
C7–C8 1.504(6)
C8–H8A 0.9800
C8–H8B 0.9800
C8–H8C 0.9800
C9–C10 1.497(5)
C10–H10A 0.9800
C10–H10B 0.9800
C10–H10C 0.9800
C11–C12 1.505(6)
C12–H12A 0.9800
C12–H12B 0.9800
C12–H12C 0.9800

Atom–Atom–Atom Angle [°]
O1–Fe1–O12 95.37(13)
O1–Fe1–O5 93.66(12)
O12–Fe1–O5 87.0(2)
O1–Fe1–O10 94.62(11)
O12–Fe1–O10 91.69(18)
O5–Fe1–O10 171.70(13)
O1–Fe1–O3 94.24(12)
O12–Fe1–O3 170.37(15)
O5–Fe1–O3 93.0(2)
O10–Fe1–O3 86.93(17)
O1–Fe1–O15 179.02(14)
O12–Fe1–O15 85.01(16)
O5–Fe1–O15 85.45(13)
O10–Fe1–O15 86.27(13)
O3–Fe1–O15 85.39(16)
O1–Fe2–O13 96.87(14)
O1–Fe2–O9 94.13(11)
O13–Fe2–O9 87.1(2)
O1–Fe2–O11 95.14(11)
O13–Fe2–O11 91.8(2)
O9–Fe2–O11 170.73(13)
O1–Fe2–O7 95.26(12)
O13–Fe2–O7 167.86(16)
O9–Fe2–O7 92.0(2)
O11–Fe2–O7 87.2(2)
O1–Fe2–O16 178.80(15)
O13–Fe2–O16 84.12(17)
O9–Fe2–O16 85.24(13)
O11–Fe2–O16 85.49(13)
O7–Fe2–O16 83.74(16)
O1–Fe3–O2 95.07(11)
O1–Fe3–O8 96.17(11)
O2–Fe3–O8 168.41(13)
O1–Fe3–O6 96.23(13)
O2–Fe3–O6 87.9(2)
O8–Fe3–O6 88.10(17)
O1–Fe3–O4 96.32(12)
O2–Fe3–O4 93.35(18)
O8–Fe3–O4 88.17(14)
O6–Fe3–O4 167.23(14)
O1–Fe3–O14 178.48(16)
O2–Fe3–O14 83.74(14)
O8–Fe3–O14 85.05(14)
O6–Fe3–O14 84.69(17)
O4–Fe3–O14 82.82(16)
Fe3–O1–Fe2 120.85(12)
Fe3–O1–Fe1 120.01(12)
Fe2–O1–Fe1 119.14(12)
C1–O2–Fe3 132.1(3)
C1–O3–Fe1 133.6(3)
C3–O4–Fe3 132.9(3)
C3–O5–Fe1 132.5(3)
C5–O6–Fe3 133.8(3)
C5–O7–Fe2 131.3(3)
C7–O8–Fe3 132.0(3)
C7–O9–Fe2 134.2(3)
C9–O10–Fe1 132.2(3)
C9–O11–Fe2 134.8(3)
C11–O12–Fe1 134.2(4)
C11–O13–Fe2 132.0(3)
Fe3–O14–H14A 121(6)
Fe3–O14–H14B 125(5)
H14A–O14–H14B 98(7)
Fe1–O15–H15A 120(5)
Fe1–O15–H15B 118(5)
H15A–O15–H15B 114(7)
Fe2–O16–H16A 139(5)
Fe2–O16–H16B 115(5)
H16A–O16–H16B 95(7)
O3–C1–O2 124.8(4)
O3–C1–C2 117.5(5)
O2–C1–C2 117.7(5)
C1–C2–H2A 109.5
C1–C2–H2B 109.5
H2A–C2–H2B 109.5
C1–C2–H2C 109.5
H2A–C2–H2C 109.5
H2B–C2–H2C 109.5
O4–C3–O5 124.9(4)
O4–C3–C4 117.1(5)
O5–C3–C4 117.9(5)
C3–C4–H4A 109.5
C3–C4–H4B 109.5
H4A–C4–H4B 109.5
C3–C4–H4C 109.5
H4A–C4–H4C 109.5
H4B–C4–H4C 109.5
O6–C5–O7 124.5(4)
O6–C5–C6 117.9(6)
O7–C5–C6 117.7(6)
C5–C6–H6A 109.5
C5–C6–H6B 109.5
H6A–C6–H6B 109.5
C5–C6–H6C 109.5
H6A–C6–H6C 109.5
H6B–C6–H6C 109.5
O8–C7–O9 124.2(4)
O8–C7–C8 117.6(4)
O9–C7–C8 118.2(4)
C7–C8–H8A 109.5
C7–C8–H8B 109.5
H8A–C8–H8B 109.5
C7–C8–H8C 109.5
H8A–C8–H8C 109.5
H8B–C8–H8C 109.5
O10–C9–O11 123.6(4)
O10–C9–C10 118.0(4)
O11–C9–C10 118.3(4)
C9–C10–H10A 109.5
C9–C10–H10B 109.5
H10A–C10–H10B 109.5
C9–C10–H10C 109.5
H10A–C10–H10C 109.5
H10B–C10–H10C 109.5
O12–C11–O13 124.5(4)
O12–C11–C12 118.2(6)
O13–C11–C12 117.3(6)
C11–C12–H12A 109.5
C11–C12–H12B 109.5
H12A–C12–H12B 109.5
C11–C12–H12C 109.5
H12A–C12–H12C 109.5
H12B–C12–H12C 109.5




Table 4. Torsion angles
Atom–Atom–Atom–Atom Torsion Angle [°]

O2–Fe3–O1–Fe2 130.90(19)
O8–Fe3–O1–Fe2 −46.32(16)
O6–Fe3–O1–Fe2 42.44(19)
O4–Fe3–O1–Fe2 −135.15(15)
O2–Fe3–O1–Fe1 −49.6(2)
O8–Fe3–O1–Fe1 133.19(15)
O6–Fe3–O1–Fe1 −138.05(18)
O4–Fe3–O1–Fe1 44.36(16)
O13–Fe2–O1–Fe3 133.50(19)
O9–Fe2–O1–Fe3 46.0(2)
O11–Fe2–O1–Fe3 −134.08(19)
O7–Fe2–O1–Fe3 −46.46(18)
O13–Fe2–O1–Fe1 −46.01(19)
O9–Fe2–O1–Fe1 −133.5(2)
O11–Fe2–O1–Fe1 46.41(19)
O7–Fe2–O1–Fe1 134.02(17)
Fe1–O3–C1–O2 −9.2(9)
Fe1–O3–C1–C2 170.9(5)
Fe3–O2–C1–O3 −0.5(9)
Fe3–O2–C1–C2 179.4(5)
Fe3–O4–C3–O5 −6.1(9)
Fe3–O4–C3–C4 172.5(5)
Fe1–O5–C3–O4 −4.1(9)
Fe1–O5–C3–C4 177.3(5)
Fe3–O6–C5–O7 5.3(8)
Fe3–O6–C5–C6 −175.8(4)
Fe2–O7–C5–O6 −13.2(8)
Fe2–O7–C5–C6 167.9(4)
Fe3–O8–C7–O9 −0.7(8)
Fe3–O8–C7–C8 −179.8(4)
Fe2–O9–C7–O8 1.6(9)
Fe2–O9–C7–C8 −179.4(5)
Fe1–O10–C9–O11 −6.8(7)
Fe1–O10–C9–C10 174.6(4)
Fe2–O11–C9–O10 2.1(8)

Fe2–O11–C9–C10 −179.3(4)
Fe1–O12–C11–O13 1.3(8)
Fe1–O12–C11–C12 −179.3(4)
Fe2–O13–C11–O12 −5.6(8)
Fe2–O13–C11–C12 175.1(4)




Table 5. Hydrogen bonds
D–H⋯A [Å] d(D–H) [Å] d(H⋯A) [Å] d(D⋯A) [Å] &lt;(DHA) [°]
O14–H14B⋯O10 #1 0.83(2) 2.17(4) 2.947(5) 155(8)
O15–H15A⋯O7 #2 0.84(2) 2.48(5) 3.183(5) 143(6)
O15–H15A⋯O11 #2 0.84(2) 2.40(5) 3.119(6) 144(6)
O15–H15B⋯O2 #3 0.83(2) 2.24(2) 3.062(6) 169(7)
O15–H15B⋯O6 #3 0.83(2) 2.65(6) 3.142(5) 119(6)
O16–H16A⋯O5 #4 0.83(2) 2.48(6) 2.989(6) 121(6)
O16–H16A⋯O12 #4 0.83(2) 2.40(3) 3.212(6) 167(7)
O16–H16B⋯O9 #5 0.83(2) 2.26(2) 3.080(6) 171(7)
Symmetry transformations used to generate equivalent atoms:
#1: 0.5-X, 0.5+Y, 0.5-Z; #2: +X, 1-Y, 0.5+Z; #3: 0.5-X, -0.5+Y, 0.5-Z; #4: +X, 1-Y, -0.5+Z; #5: 1-X, +Y, 0.5-Z;
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