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Fig. S1. Thermogravimetric analysis (TGA) of Fe;04@C and Fe@C composites.

To confirm the carbon content in these composites and its corresponding contribution
to lithium storage capacity, TGA was performed in air at 10 °C min™ (Fig. S1). After
gradually heating up to 800 °C, the final weight percents of Fe;O04@C and Fe@C
were 82.40 and 110.74 wt.%, respectively. During the heating process, two oxidation
reactions happened at the same time. One was the oxidation of Fe;O4 and Fe to
Fe, O3 to increase sample weight. The other was the oxidation of carbon shell to CO,
leading to weight loss. Thus, we can roughly calculated the carbon contents in

Fe;04@C and Fe@C composites to be approximate 20.3 and 22.6 wt.%, respectively.
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Fig. S2. XRD patterns of the final Fe@C composites.

Fig. S2 shows the XRD patterns of the heated samples at 800 °C. The peaks at 44.7°
and 65.0° correspond to (110) and (200) planes of a-Fe (JCPDS 06-0696, with the
body-centered-cubic structure), while the peaks at 43.5°, 50.7°, and 74.7° are well
assigned to (111), (200), and (220) planes of y-Fe ((Fe, C) solid solution phase,
JCPDS 23-0298, with the face-centered-cubic structure).'™ Besides, very weak peaks
at 41.0°, 47.7°, and 69.8° are in agreement with the standard card of cubic Fe;ZnC s
with space group of Pm-3m (JCPDS 29-0741). Note that, no other metals than Fe
were introduced in the whole synthesis procedure; therefore, Fe atom should replace

the position of Zn and the trace impurity should be FesC.>™®
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Fig. S3. TG curves of Fe;0,@C composites derived from the hydrothermal route before sintering at high

temperatures (A). Electron diffraction spectra (EDS) of the final Fe@C composites (B).

TG measurements were performed in Ar atmosphere to confirm the phase
transformation of the hydrothermal product along with the increasing temperatures
(Fig. S2A). During the heating process, two dramatic drops were observed in the TG
curve. The first drop before 550 °C corresponded to the loss of H,O and the
carbonization of carboneous materials decomposed from the hydrothermal glucose
solution. The second drop is located at around 650-700 °C, belonging to the oxygen
loss from Fe;O4 to FeO and Fe. The two platforms at the range of 550-650 °C and
after 700 °C demonstrate the component stability of Fe;O04@C and Fe@C composites
in the corresponding temperature range, respectively. A slight weight loss still exists
in the TG curve after 800 °C. EDS was also performed to further confirm the oxygen
content in the final Fe@C composites as 1.8 wt.% (Fig. S2B). Although it is difficult
to remove the oxygen in Fe;O04@C composites completely, the existence of trace
oxygen can contribute very little lithium storage based on the traditional conversion

mechanism (Type III) and have no influence on the conclusion.
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Fig. S4. TEM images of Co@C (A), Cu@C (B), Ni@C (C) composites and corresponding XRD patterns (D).

Preparation of highly-dispersed Co@C, Cu@C, and Ni@C nanosheets

In a typical synthesis, 10.00 g urea, 1.00 citric acid, and 0.8 g metal chlorides were
dissolved in the mixture solution of 150 mL ethanol and 50 mL distilled water with
continuous stirring at 75 °C for ~3 h until the formation of gel, then transferred into
an oven to keep 100 °C over night. The as-prepared solid mixture was sintered at high
temperatures of 350 °C for 4 h and 650 °C for 10 h in Ar atmosphere. The obtained

black products were grinded and stored for further characterization.
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Fig. S5. Cycling performances of highly-dispersed Co@C, Cu@C and Ni@C electrodes at 200 mA g
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Fig. S6. CV curves of commercialized FeCO; (A) and FeOOH (B). Cycling performances of commercialized

FeCO4 and FeOOH electrodes at 200 mA g (C).
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Fig. S7. HRTEM images of Fe@C electrodes after the initial charge. B, C and D correspond to the white region a,

b and c, respectively.
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1

Table S1. Extra capacity phenomenon of MOs and corresponding explanations reported in previous works.

Active materials T((Ijrlzzlfll\g/ll()) s Tes(t;(l;a;zll)c ity Cur(r::: g_ell)mty Cycling number Explanation Refs
Mesoporous Fe;04@C nanorods 928 1010° 92.8 50 No explanation 0
Graphene-coated hollow Fe;0, 928 900 50 50 No explanation 10
Graphene/Fe; 0, aerogel 928 1100 200 50 No explanation 1
Graphene-encapsulated Fe;0, 928 950 35 85 Reversible polymeric gel-like film 12
Fe3;0,/graphene 928 1000 2000 100 Reversible polymeric gel like film 13
Fe3;0,4 nanorods/SWCNT 928 >1000 928 50 Reversible polymeric gel-like film 14
Hollow porous Fe;0, beads/RGO 928 1039 100 170 Reversible polymeric gel-like film 15
Fe30,/C micro-flowers 928 1030 185 150 Reversible polymeric gel like film 16

Possible interfacial lithium storage
Au-Co30,4 nanowires 890 >1000 34 8 Reversible polymeric gel-like film 17
Co30,4 porous nanocapsules 890 1000 130 20 Favorable features of unique nanostrucures 18
Co30,/graphene 890 935 50 30 Active graphene surface; grain Co30, boundary 19
Co30.4/graphene 290 1065 445 30 Abundant nanocavities or defects of graphene; 2
Co;0, porous sheets

Co30, nanorods/graphene 890 1090 1000 40 No explanation 2
Needlelike Co;O4 nanotubes 890 918 50 30 No explanation z
Mesoporous Co30, 890 1000 100 40 No explanation »
Foam-like Co3;0, nanosheets 890 900 178 10 No explanation 1
Mesoporous Co30, 890 1240 100 30 No explanation »
Co30, porous nanocages 890 1465 300 50 No explanation 26
3D heterostructured Co;04/RGO 890 1108 50 50 High capacity of the porous RGO film 2
Porous Co;04 nanorod arrays 890 ~1000 111 20 Favorable features of unique nanostrucures 8
g(r)afglfne'coated mesoporous 890 1150 111 30 Reversible SEI formation and dissolution »
Hierarchical Co30O, microspheres 890 1000 89 50 Favorable features of unique nanostrucures 30
Single-crystalline Co;04 890 980 100 60 Additional lithium storage in the grain boundaries 3
Nanobelts

Highly ordered mesoporous Co30, 890 1200 50 100 High surface area and porous structures 32
Co30,4 nanocages 890 970 50 30 Interfaces and pores of the porous material 3
Mesoporous Co30, nanoneedles 890 1079 150 50 Robust mesoporous structure 34
Hollow Co3;0,4 nanorods 890 903 240 20 Hollow, porous structure 35
Self-stacked Co30, nanosheets 890 107 178 50 Nanosandwich structure 36
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TC of MOs Tested capacity Current density

Active materials Cycling number Explanation Refs

(mAh g™) (mAh g™ (mA g™

o-Fe, O3 hollow nanofibers 1005 1293 60 40 Pseudo-capacitance 37
Fe,03;@C nanocomposites 1005 1210 100 50 No explanation 38
Mesoporous CoO nanodisks 716 1119 200 50 No explanation 3
CoO quantum dot/grephene 716 1008 1000 50 No explanation 40
Porous carbon-modified MnO 756 1044 100 140 No explanation at
disks

NiO/graphene 718 1098 100 50 No explanation «
3D-hierarchical NiO—graphene 780 1065 200 50 High capacity of graphene +
NiO microshpheres 718 >800 50 7 Some unknown side reactions 4
Mesoporous carbon/NiO 718 1426° 1000 50 Reversible polymeric gel-like film 4
Nanostructure NiO 718 746 154 10 Reversible polymeric gel-like film 46
Microscale cog-like CuO films 674 810 300 30 Reversible polymeric gel-like film 47
CuO/graphene 674 700 70 30 High capacity of graphene 48
Carbon coated ZnFe,0, . . . 49

. 1000 1300 40 100 Reversible polymeric gel-like film

nanoparticles

CoFe,0,/graphene sandwich 914 1047b 200 160 Synergistic effect between CoFe,0,4 and graphene 50
CoFe,0,/graphene 914 950 150 50 No explanation 31

1  *TC means the theoretical capacity of MOs. ® This value is based on MOs, i.e., Cyos calculated by Eqn. (1) in the manuscript, while

2 others are based on the overall mass of the corresponding sample.
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1 Table S2. Components when discharge to ~0 V of different Fe-based anode materials and corresponding reduction/oxidation reactions and potential peaks in CV curves.
. Components Reduction peaks Test
Fe-based Reduction peaks after 1% cycle Oxidation peaks Refs
p Y p
anodes (cycled to ~0 V) (1* discharge) conditions
1.57V Fe,0; to Li Fe, 04 1.69V Fe’ to Fe?* 02mVs!
Fe,0; Fe’+Li,0+SEl 093V Fe’* to Fe*” 0.65V Fe’ to Fe' I M LiPF + 32
1.95V Fe?" to Fe** EC/DMC/EMC
054V Fe’* to Fe' (1:1:1)
a 0 . 2+ 0 2+ 0 0 3+ 1 M LiPF¢ + 53
FeO Fe” +Li,0 + SEI 0.7V Fe® to Fe 1.0V Fe” to Fe 1.6V Fe" to Fe EC/DMC (1:1)
0.5mV s’ Fig
04 L 0.55V Fe' to Fe** 1.7V Fe” to Fe** . \
FeCO, Fe* + 11,0 + Fe* to Fe/Li,O/Li,CO; 1.3V I M LiPF, + S6A
Li,CO; +SEI g5V C*to C* 23V C*to C* EC/DMC/EMC 54
(1:1:1)
0.1mVs!
Fe’ + Li,0 + 121v o s 0 1.3-1.9 0, 5
FeC,04 Li,C,0, + SEI 076V FeC,04 to Fe'/Li,C,04 1.3V FeC,04 to Fe v Fe” to Fe 1M LIPIETT)EC/DEC
3.0V FeF5 to Li,FeF, 28V Li,FeF5 to Fe’ 20V s’
FeF,* Fe’ + LiF + SEI - - | M LiPF, + %
1.8V Li,FeFj; to Fe’ 325V FeF; to LisFeF; EC/DMC (1:1)
1.0V 0.5mV s’
. 3+ 01 5 1 .
FeOOH Fgo +Li,0+ 048V Fe’ to Fe'/Li,O/LiOH 125V . F§3+ to' 1.6:2.2 Fed to Fe* | M LiPF, + Fig.
LiOH + SEI SEI formation 0.6V Fe'/Li,O/LiOH v EC/DMC/EMC S6B
025V .-
(1:1:1)
) -1
08V Fe304 to Li,Fe;04 145V Fe’'/Fe*" to Fe Lsan Fe” — Fe*'/Fe’* 0-5mV's -
0 . . 3 2 0 D=L 1 1S
Fe;04 Fe" +Li,0 + SEI Fe’'/Fe™" to Fe 0.6-0.9  Reduction of some v Oxidation of some I M LiPF, + work
055V EC/DMC/EMC
SEI formation \% SEI components SEI components

(1:1:1)




Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013

Preliminary B
1.2V decomposition of 1.45V FeX*/Fe* to Fe’ 6 Fe® — Fe2'/Fe™ 0.5mVs
0 electrolytes OV ; This
Fe@C Fe'+ SEI 0.95V Reduction of some Oxidation of some I M LiPF, + work
19V EC/DMC/EMC
0.3-0.8 075V SEI components SEI components

v SEI formation (1:1:1)

1 “-” means that no explanation was given.
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1 Table S3. Components when discharge to ~0 V of Fe;O, anode materials and corresponding reduction/oxidation reactions and potential peaks in CV curves.
Fe-based Components Reduction peaks Test
Reduction peaks after 1% cycle Oxidation peaks Refs
anodes ~0V) (1* discharge) conditions
1.6V F6203 to LixFe2O3 14V FeZO3 to LiXFeZO3 05V
Fe +Li,O +
Fe,05/Fe SEIZ 0.8V Fe¥/Fe’ to Fe** 0.8V Fe*/Fe to Fe" 15V -
-1
02V SEI 02V SEI 20V 0.1 mV:s
57
1 M LiPF¢ +
0.2-12V 0.5V 1.0V EC/DMC (1:1)
Cu’+Fe’ +
Fe,03/Cu 075V - 13V - -
Li,O + SEI
20V
1.05V 1.6V
3+ 2 0
Fe +Li,O + Fe™'/Fe™" to Fe 12-19
Fe;0,4 0.5V 085V - Fe” to Fe''/Fe
SEI SEI \ 0.l mVs’
1 M LiPF¢ + *
i
Ni®+ Fe’ + Fe’'/Fe’" to Fe 2V 1.6-2.2 :
Ni/Fe;0, . 0.65V - Fe’ to Fe*'/Fe?* EC/DMC (1:1)
Li,O + SEI SEI \%
0.6-0.8V
No
¢ Li,C + SEI 0-0.8V C to Li,C SEI No peaks - peaks - 0.1mVs’
. . 12V _ 1 M LiPF + 5
) ) 1.6V Preliminary decoposition of electrolytes : Reversible
. Nig + Li,C + . EC/DMC/EMC
Ni/C SEI No peaks - 1.6-2.5 oxidation of some L1
0.6V Formation of SEI films Y, SEI components (D)

2 “-” means that no explanation was given.
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