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Analytical procedures

Chlorinated compounds

GC-MS analysis of PCE, TCE, and DCE isomers was performed on an Agilent 7890A GC
using split/split-less injection at 260 ◦C with Helium as the carrier gas (flow rate of 1 mL min−1,
initial pressure of 50 kPa, and split at 50 mL min−1) and an Agilent 5975C MSD for mass
detection. Compound separation was performed on a Restek fused silica capillary column (60
m × 0.25 mm i.d.) coated with 1.4 µm Rtx-VMS phase, applying a GC temperature program
(initial temperature: 30 ◦C, hold for 8 minutes; ramp to 260 ◦C at 15 ◦C min−1; hold at 260
◦C for 6 minutes). The mass separation was performed using an Agilent 5975C MSD (electron
voltage 70 eV, source temperature 230 ◦C), quad temperature 150 ◦C, multiplier voltage 1200
V, interface temperature 260 ◦C). The acquired data was processed using Chemstation, using
an internal (CFB) and external standards. The measured concentrations were corrected for the
extraction efficiency into n-pentane and for partitioning into the headspace, as detailed below.

Gaseous products

Analysis of gaseous compounds (VC, acetylene, ethene, ethane) was performed on a Thermo
Trace GC coupled to a flame ionization detector (FID). An Agilent CP-Silica Plot column (30
m × 0.32 mm i.d.) coated with a film 4 µm phase in conjunction with the GC temperature
program (initial temperature: 75 ◦C, hold for 50 minutes; ramp to 225 ◦C at 15 ◦C min−1; hold
at 225 ◦C for 30 minutes) was used for compound separation. Target compounds were identified
and quantified by comparing to a series of calibration curves which were created by injecting
known volumes of gas standards (acetylene, 1% in N2 balance, Calgaz; ethene, ethane, and
VC, all 1% in N2 balance, Calgaz). The total amounts of C2 gases were calculated taking into
account compound partitioning between aqueous and gas phase as well as the changing ratio
of aqueous to gas phase due to aqueous phase sampling, as detailed below.

Mössbauer spectroscopy

Samples for Mössbauer were analyzed using a MS4 Mössbauer spectrometer (SEE Co., Edina,
MN, U.S.A.) in transmission mode and calibrated against 7 µm α-Fe(0) foil. Temperature
during spectra acquisition was controlled with a closed cycle cryostat (SHI-850, Janis Research
Co., Wilmington, MA, U.S.A.) at either 13 K (reactors containing aqueous 56Fe(II)) or 77 K
(reactors containing aqueous 57Fe(II)) to allow for quantifying the Fe speciation of the clay
mineral and the aqueous Fe removed from solution, respectively. Mössbauer spectra were
analyzed using the software Recoil and its Voigt-based fitting routine4, which also provides the
uncertainties of the fit parameters3.
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Data evaluation

Responses from GC-MS analysis for PCE, TCE, and HCA were first normalized to the internal
standard CFB and then converted into concentrations via linear regression of external standards.
Concentrations were corrected for sample dilution (0.4 mL sample extracted into 0.6 mL n-
pentane) and extraction efficiencies (Table S1), which were determined by comparing responses
from standards prepared in n-pentane with those prepared in aqueous solution and subsequently
extracted into n-pentane. Finally, total concentrations (ci,tot) were calculated from the measured
concentrations ci,m, taking into account partitioning into the headspace of the reactors and
changes in the volumes of headspace (Vg) and aqueous phase (Vaq) over the reaction time,
which was due to repeated (x) removal of an aqueous sample of volume Vs,aq (420 µL):

ci,tot =
KiH(Vg + xVs,aq)ci,m +(Vaq− xVs,aq)ci,m

Vtot
(S1)

The compounds’ dimensionless Henry’s constants KiH were taken from a recent compila-
tion5 and are listed in Table S1, together with values for the parameters in equation S1.

Similarly, the amounts of gaseous products (acetylene, ethene, ethane) obtained from GC-
FID (ni,m) were converted into total amounts (ni,tot), using the dimensionless Henry’s constants
KiH (Table S1), the volumes of headspace (Vg) and aqueous phase (Vaq), as well as sampling
(x) of aqueous phase (Vs,aq = 420 µL) and headspace (Vs,g = 250 µL):

ni,tot =
ni,m

Vs,g
(Vg + xVs,aq)+

1
KiH

ni,m

Vs,g
(Vaq− xVs,aq) (S2)

Table S1: Parameters used to evaluate the total concentrations of PCE, TCE, and HCA as well as
the total amounts of acetylene, ethene, and ethane in the reactors.

parameter PCE TCE HCA actetylene ethene ethane

extraction
efficiency

93.8% 80.7 % 94.5 % n.a.b n.a.b n.a.b

KiH
a 1.186 0.367 0.098 0.984 8.583 21.23

Va 5 mL 5 mL 5 mL 5 mL 5 mL 5 mL
Vw 155 mL 155 mL 20 mL 155 mL 155 mL 155 mL
Vtot 160 mL 160 mL 25 mL 160 mL 160 mL 160 mL
a Dimensionless Henry’s constant, KiH =

ci,g
ci,aq

, values taken from a recent compilation5.
b n.a.: not applicable.
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Figure S3: Initial Fe(II) activities in PCE, TCE, HCA, and Mössbauer reactors containing clay
minerals and mineral-free suspension, overlaid with the solubility of Fe(OH)2. Filled markers repre-
sent reactors in which dechlorination products were detected and open black markers are reactors
without product formation. The grey hatched and shaded areas represent the Fe(II) concentrations
expected to lead to Fe(OH)2 precipitation and were calculated based on the range of published
solubility product values (-15.11<log Ksp(Fe(OH)2)<-14.30)1,2,6 . Measured Fe(II) concentrations
were converted into activities based on the ionic strength in the reactors (details in Table S6).
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Figure S4: Reactors of differently prepared high Fe content clay mineral NAu-1: native, amended
with aqueous Fe(II) at concentrations of 4.4 mM or 20.5 mM, and dithionite-reduced (from left to
right).

Figure S5: Reactors of differently prepared low Fe content clay mineral SWy-2: native, amended
with aqueous Fe(II) at concentrations of 1.9 mM, 4.9 mM, or 20.1 mM, and dithionite-reduced
(from left to right).
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Table S4: Mössbauer hyperfine parameters from clay minerals reacted with aqueous 56Fe(II) to
determine structural Fe reduction extent and reacted with 57Fe(II) to determine the Fe speciation of
the precipitates formed. Spectra were acquired at 13 K and 77 K, respectively. Voigt-based fitting
was used to evaluate the Mössbauer parameters4 .

χ2 Site CSa QS (σ )b area (σ )c

mm/s mm/s %
56Fe(II)-reacted clay minerals

SWy-2
native 0.64 Fe(III) 0.48 10.9(0.92) 100

+2 mM Fe(II) 0.54 Fe(II) 1.27 3.02(0.17) 77.8(2.0)
Fe(III) 0.43 0.61(0.39) 22.2(2.0)

+5 mM Fe(II) 0.55 Fe(II) 1.28 3.01(0.19) 79.4(3.8)
Fe(III) 0.34 0.76(0.45) 20.6(3.8)

+20 mM Fe(II) 0.57 Fe(II) 1.27 2.98(0.18) 92.5(1.9)
Fe(III) 0.32 0.64(0.47) 7.5(1.9)

NAu-1
native 0.58 Fe(III) 0.50 0.50(0.34) 100

+5 mM Fe(II) 0.62 Fe(II) 1.20 2.91(0.33) 6.9(0.6)
Fe(III) 0.49 0.53(0.35) 93.1(0.6)

+20 mM Fe(II) 0.69 Fe(II) 1.23 2.89(0.30) 15.4(0.7)
Fe(III) 0.49 0.55(0.34) 84.6(0.7)

57Fe(II)-reacted clay minerals
SWy-2

+2 mM Fe(II) 1.50 Fe(II) 1.25 2.80(0.22) 25.4(0.3)
Fe(III) 0.48 0.96(0.93) 74.6(0.3)

+5 mM Fe(II) 1.26 Fe(II) 1.27 2.75(0.26) 62.6(0.2)
Fe(III) 1 0.47 0.46(0.13) 19.4(0.2)
Fe(III) 2 0.62 0.60(0.45) 18.0(0.2)

+20 mM Fe(II) 12.46 Fe(II) 1.30 2.79(0.62) 80.3(0.5)
Fe(III) 1 0.48 0.43(0) 2.4(0.4)
Fe(III) 2 0.66 0.34(0.25) 17.3(0.4)

NAu-1
+5 mM Fe(II) 6.31 Fe(II) 1.29 2.74(0.51) 62.3(0.3)

Fe(III) 1 0.43 0.76(0.56) 24.4(0.3)
Fe(III) 2 0.65 0.35(0.24) 13.3(0.2)

+20 mM Fe(II) 2.19 Fe(II) 1.29 2.85(0.79) 75.2(0.1)
Fe(III) 1 0.50 0.39(0.01) 11.9(0.1)
Fe(III) 2 0.70 0.29(0.01) 11.2(0.1)

Syn-1
+20 mM Fe(II) 0.72 Fe(II) 1.29 2.95(0.26) 100

mineral-free
+20 mM Fe(II) 0.97 Fe(II) 1.27 3.00(0.20) 100

a Center shift relative to α-Fe(0).
b Standard deviation of QS from the Gaussian distribution of the QS parameter used in the
model. c Standard deviation due to uncertainty.
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