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A B S T R A C T

The development of environment-friendly electrode materials is highly desired for the

clean and sustainable Li-ion batteries (LIBs) system. Organic cathode materials that involve

conducting polymers, organic carbonyl/sulfur compounds are expected to be promising

candidates for future LIBs with a concept of ‘‘green and sustainable’’. However, their battery

performances are relatively worse than that of inorganic counterparts due to their low elec-

tronic conductivity and unwanted dissolution reactions occurring in electrolytes. Aimed to

alter their performances, we herein focuses on the preparation of upgraded organic mate-

rials by chemical engineering of graphene oxide (GO) and the systematic study of their elec-

trochemical performance as positive electrodes for LIBs. The obtained decarboxylated GO

and carbonylated/hydroxylated GO electrodes show significantly enhanced electrochemi-

cal performance compared with that of the GO electrode. Our results demonstrate that

the manipulation of oxygen functional groups on GO is an effective strategy to greatly

improve the Li storage property of GO-based materials for advanced LIBs cathodes.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Tackling energy conversion/storage is unquestionably one of

the greatest challenges in the twenty-first century. In
response to the needs of modern society and sustainable con-

cepts, the rapid development of energy conversion and

storage technologies with high-efficiency, low-cost and envi-

ronment-friendly is required essentially [1,2]. Among various
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energy-storage techniques, Li-ion batteries (LIBs) are the most

promising candidate, especially as the power source for plug-

in hybrid and electrical vehicles due to their large energy-

storage capability [3]. Current LIBs technology relies on the

use of active inorganic materials (e.g., LiCoO2, LiNiO2 or LiFe-

PO4) as cathodes due to the high redox potential of these lith-

ium transition metal oxides or phosphates [4]. However, the

energy storage using this strategy has been demonstrated to

be mainly restricted by the cathode materials which usually

have much high molecular weight, thus limiting the practical

capacity in a range of 150–200 mAh g�1 [5]. Also, the prepara-

tion of the cathodes is not environmentally benign since it

involves high temperature reactions and yields high amounts

of CO2 [6]. Moreover, the expanding application of LIBs signif-

icantly increases the running out of the limited mineral

resources of Co and Ni that are far from renewable in the

future. Meanwhile, the scarcity of these elements makes the

energy intensive, which is going to increase with their rare-

faction in future [7]. Thus, there is intense interest in finding

new advanced cathode materials that combined with high

capacity and high stability while being with low-cost and

environment-friendly [5].

In comparison to conventional inorganic materials, the

organic cathode materials typically like conducting polymers

[8], organic carbonyl compounds [9] and organosulfur com-

pounds [2] have also been rapidly developed recently due to

their higher energy density/power density than inorganic

cathodes. Organic cathodes have some special advantages

over the inorganic ones: (i) The structural diversity of organic

endows great opportunities for the adjustment of physico-

chemical properties/structures of cathode materials. In con-

trast, very few kinds of inorganic materials are suitable for

the application of cathode electrodes; in addition, the devel-

opment of future inorganic cathodes with breakthroughs on

energy/power densities becomes more and more challenging

[5,10]. (ii) High-temperature annealing treatments on inor-

ganic cathodes for their phase-purity/crystallinity are not

required for the case of organics because they can be synthe-

sized from abundant/renewable biomass resources. With

that, low CO2 production and far less energy consumption

would enable the concept of ‘‘green and sustainable’’ LIBs

possible [7,11]. Unfortunately, the electrochemical perfor-

mances of organic cathodes are worse than inorganic ones

because of their poor electronic conductivity and chemical

stability in the electrolyte [10,12]. Graphene oxide (GO) is con-

sidered as a large, disordered but two-dimensional polymer

that is functionalized with various oxygen-containing groups,

like carbonyl/carboxyl groups at the edge and hydroxyl/epoxy

groups on the basal plane [2,13]. Recent studies have further

demonstrated that Li storage properties of GO-based cathodes

are much sensitive to the nature of oxygen-functional groups

[14,15]. Hence, it is appealing to construct GO-based cathodes

by combining the stable and highly conducting graphene

framework for electron transport and anchored electroactive

functional groups for Li storage.

We herein report novel strategies for the fabrication of car-

bonylated/hydroxylated graphene oxide (C/HGO) and decar-

boxylated graphene oxide (DCGO) via the selective removal

of the oxygen functional groups on GO. The resultant C/

HGO and DCGO are proved to be superior cathode materials,
showing a high potential (vs. Li/Li+) for LIBs and significantly

enhanced Li storage properties when compared with the pris-

tine GO. There is a special highlight that C/HGO exhibits

much better electrochemical performances than conven-

tional LiCoO2 and LiFePO4 cathodes, with upper capacity, good

rate capability and excellent cycling behavior, which is mainly

due to the derived framework structures for electron trans-

port together with abundant carbonyl/hydroxyl functional

groups beneficial for Li storage. We believe that the function-

alized GO materials made by our facile chemically engineered

method may open up an opportunity to develop high-perfor-

mance GO-based cathodes for future LIBs with high energy

density.
2. Experimental

2.1. Materials

Graphite powder (325 mesh) was purchased from Baichuan

Graphite Co., Ltd. (Qingdao, China). Sulfuric acid (H2SO4),

potassium permanganate (KMnO4), hydrogen peroxide

(H2O2), tetrahydrofuran (THF), N,N-Dimethylformamide

(DMF), Potassium carbonate (K2CO3), Silver nitrate (AgNO3)

and n-Butyllithium (BuLi) were purchased from Sinopharm

Chemical Reagent Co., Ltd. (Shanghai, China).

2.2. Synthesis of GO

GO was synthesized from natural graphite by a modified

Hummers’ method according to our previous reports [16].

2.3. Synthesis of DCGO

DCGO was prepared via chemoselective decarboxylation of

GO [17]. GO (500 mg) was dispersed in 300 mL DMF by ultra-

sonication, then K2CO3 (460 mg) and AgNO3 (330 mg) were

added under stirring. The mixture was stirred at 80 �C for

16 h. Afterwards, the product was collected by centrifugation,

and washed with 30% HNO3 for 4 times, then washed with

deionized water for several times, and finally dried under vac-

uum condition.

2.4. Synthesis of C/HGO

GO (1.0 g) was added into 200 mL of anhydrous THF under stir-

ring, and then 40 mL BuLi was dropwised under N2 condition.

The mixture was stirred at room temperature for 24 h. Subse-

quently, the suspension was centrifugated and washed with

deionized water for several times, and finally dried under vac-

uum condition.

2.5. Characterization

Fourier transformed infrared spectra (FT-IR) were spectra

were recorded on a NEXUS 670 spectrometer by using pressed

KBr pellets. X-ray photoelectron spectroscopy (XPS) analysis

was performed on an ESCALAB MK II X-ray photoelectron

spectrometer using Al Ka (1486.6 eV) X-ray source. Field-emis-

sion scanning electron microscopy (FESEM) analysis was
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performed on a JEOL JSM-6700F electron microscope with an

accelerating voltage of 10 kV. Transmission electron micros-

copy (TEM) images were taken on a JEOL JEM-2010 high reso-

lution transmission electron microscope operating at 200 kV.

X-ray diffraction (XRD) analysis was performed using a D8

Advanced diffractometer with Cu Ka line (k = 1.54056 Å).

Raman spectra were collected using a WITEC CRM200 Raman

system with 532 nm excitation laser. Thermogravimetric

analysis (TGA) was recorded by a Shimadzu DTG-60H under

a heating rate of 10 �C min�1 and a nitrogen flow rate of

50 cm3 min�1.

2.6. Electrochemical measurements

The electrochemical characterizations were performed using

2032 coin-type cells assembled inside an argon-filled glove

box with both moisture and oxygen contents below

0.1 ppm. The working electrodes were made by coating the

slurry of 80 wt% active material, 10 wt% of acetylene black

and 10 wt% of polyvinylidene fluoride onto an aluminium foil

current collector. Then, they were dried in a vacuum oven at

100 �C for 12 h to remove the solvent. Lithium metal foil was

used as the counter electrode. The electrolyte is composed

of 1 M LiPF6 in a 50:50 (w/w) mixture of ethylene carbonate

and dimethyl carbonate. The galvanostatic charge/discharge

tests were performed using a NEWARE battery testing system

in the voltage range of 1.5–4.5 V (vs. Li/Li+). Cyclic voltammo-

gram (CV) measurements were performed on CHI 760D elec-

trochemical workstation using a voltage range of 1.5–4.5 V

(vs. Li/Li+) at a scan rate of 0.2 mV s�1. Electrochemical imped-

ance spectroscopy (EIS) was conducted on CHI 760D electro-

chemical workstation in the frequency range of 1 · 105–0.1 Hz.

3. Results and discussion

A general description of the methods used to synthesize

DCGO and C/HGO is illustrated in Fig. 1. The synthesis of

DCGO involves the chemoselective decarboxylation of GO,

while C/HGO was prepared via the n-Butyllithium-promoted

carbonylation/hydroxylation of GO, which are both described

in the Section 2 for details. A comprehensive structural anal-

ysis was carried out to ensure that the chemoselective decar-

boxylation and carbonylation/hydroxylation of GO were

successfully completed.

XPS was employed for chemical analysis of surface func-

tional groups on graphene sheets. In Fig. 2a, the C1s core-level

spectrum of GO was fitted into four components that corre-

spond to C–C bonds (sp2 carbon, 284.5 eV, 42.5%), C–O bonds

(hydroxyl and epoxy, 286.6 eV, 47.9%), C@O bonds (carbonyl,

288.1 eV, 7.0%) and O–C@O bonds (carboxyl, 288.9 eV, 2.6%)
Fig. 1 – Schematic illustration of the
[13]. After the chemoselective decarboxylation, the peak

intensity of C–O bonds in DCGO are comparable to the value

of pristine GO, together with the intensity of O–C@O bonds

reduced by �100% (Fig. 2b). The slightly increased intensity

of C–C bonds (50.6%) could be attributed to the removal of

carboxyl groups, which results in a partial reduction of GO.

While C/HGO exhibits an obviously reduced peak intensity

of C–O bonds (21.9%) and O–C@O bonds (0%), and the inten-

sity of C@O bonds is increased to 9.4% after n-Butyllithium-

promoted carbonylation/hydroxylation (Fig. 2c). Meanwhile,

a significantly increased peak intensity of C–C bonds (68.7%)

is also observed in C/HGO due to the partial reduction of GO

after the carbonylation/hydroxylation process. It is worthy

of note that the C1s/O1s atomic ratios of GO, DCGO and

C/HGO are 2.0, 2.6 and 3.2, respectively, suggesting that the

n-Butyllithium-promoted carbonylation/hydroxylation is

more effective in removal of the oxygen-containing groups

on GO than the chemoselective decarboxylation.

To further gain more insight into the chemical composi-

tion of the as-obtained DCGO and C/HGO, FT-IR, TGA, XRD

and Raman spectroscopy were used to analyze their struc-

tural properties. Fig. 2d shows the typical FT-IR spectrum of

GO, the adsorption bands at �1730, �1620 and �1229 cm�1,

corresponding to the C@O, C@C and C–O stretching vibra-

tions, respectively [18]. Surprisingly, DCGO exhibits similar

FT-IR spectrum to that of GO, except for the decreased inten-

sity of C@O bonds due to the chemoselective decarboxylation.

In comparison to GO and DCGO, some of the oxygen-contain-

ing functional groups changes as reflected by the correspond-

ing spectral features such as frequency and/or intensity in the

spectrum of C/HGO after the carbonylation/hydroxylation

process. The weak adsorption band at �1716 cm�1 suggests

the presence of new carbonyl species, which can be assigned

to the stretching vibration of conjugated ketones that derived

from the carboxyl groups [19]. In addition, the upshift of the

C–O adsorption band with relative low intensity is also

observed. Moreover, the new adsorption bands at �1596,

�1493 and �1436 cm�1 are ascribed to the skeletal vibrational

mode of the benzene ring from graphene, while the peak at

�860 cm�1 is due to the C–H bending vibration [20]. These

results are consistent with the XPS results, indicating the suc-

cessful fabrication of DCGO and C/HGO after the chemoselec-

tive decarboxylation and the n-Butyllithium-promoted

carbonylation/hydroxylation of GO, respectively.

Fig. 2e shows the TGA curves of GO, DCGO and C/HGO. It

can be observed that the thermal stability of DCGO and

C/HGO was enhanced after the chemical manipulation of

GO through the chemoselective decarboxylation and the

n-Butyllithium-promoted carbonylation/hydroxylation. All

these materials have initial mass loss even below 100 �C,
synthesis of DCGO and C/HGO.



Fig. 2 – The C1s XPS spectra of (a) GO, (b) DCGO and (c) C/HGO. (d) FT-IR spectra of GO, DCGO and C/HGO. (e) TGA curves of GO,

DCGO and C/HGO. (f) XRD patterns of GO, DCGO and C/HGO. (A color version of this figure can be viewed online.)
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assigned to the evaporation of water molecular trapped in the

p-stacked graphene sheets [21]. And the rate of mass loss

increased in the heating period of 100–200 �C due to the

decomposition of the labile oxygen-containing functional

groups, yielding CO, CO2 and steam [13]. However, compared

to GO, the mass loss with temperature in the range of

100–200 �C for DCGO and C/HGO is significantly lower, and

smaller mass loss are observed, indicating the partial removal

of the oxygen functional groups after the chemoselective

decarboxylation and carbonylation/hydroxylation of GO, as

confirmed by XPS analysis. Moreover, XRD patterns were used

to further study the structural properties of these materials as

shown in Fig. 2f. The interlayer distance of DCGO and C/HGO

is calculated to be 7.49 and 8.18 Å, respectively, which is much

lower than that of GO precursor (8.85 Å). The decreased inter-

layer distance could be attributed to the partial removal of the

oxygen functional groups on GO that will induce a weakened

electrostatic repulsion between the graphene sheets. These

results have also been confirmed by TGA and XPS analysis.

Raman spectra of all these materials show two typical peaks,

one is the defects or disorders induced D band at �1350 cm�1,

while another one is the tangential G band mode at

�1600 cm�1 (Fig. S1). Meanwhile, the frequency of the D and

G band in DCGO and C/HGO are very similar to that observed

in GO. It is seen that the ID/IG ratio of DCGO and C/HGO is

slightly larger in comparison with that of GO, which could

be assigned to the decrease in size of sp2 domains and a par-

tially ordered crystal structure after the chemical reaction

engineering processes [22].

Fig. 3a shows the FESEM image of GO with a typically

crumpled morphology, which is in agreement with previous

studies [23]. The SEM images in Fig. 3b and c reveal that the

DCGO and C/HGO exhibit a thin and graphite-like structure
due to the weakened electrostatic repulsion between the

graphene sheets after partial removal of the oxygen

functional groups. Meanwhile, pore structures with several

micrometers are also clearly observed in the SEM images of

DCGO and C/HGO, which are formed by the interconnected

graphite-like structure. Such feature is favorable for the better

access of the electrolyte, thus facilitating the rapid diffusion

of Li-ions from electrolyte to the electrode materials. More-

over, the electrolyte can also penetrate into the electrode

materials due to the large interlayer distance of these materi-

als (comparing to graphite) that caused by the intercalation of

oxygen-containing functional groups on the graphene sheets,

as demonstrated by XRD patterns (Fig. 2f). These characteris-

tics can ensure the fast Faradaic reaction of the electroactive

functional groups with Li-ions, especially at high charge/dis-

charge rates. In addition, some small dots are observed in

the SEM image of DCGO, which may correspond to the sil-

ver-based nanoparticles that induced during the chemoselec-

tive decarboxylation process. However, it has no influence on

the final electrochemical performance of the DCGO because Li

insertion into silver is below 0.1 V (vs. Li/Li+) [24]. TEM was

used to further investigate the morphology of C/HGO. As

shown in Fig. 3d, C/HGO exhibits a stacked layer structure

(inset of Fig. 3d) as appearing in the SEM image. High-resolu-

tion TEM (HRTEM) clearly indicates the recovery of graphitic

carbon structures in C/HGO, which can act as the channels

for electron transport, while the remaining C@O and –OH

surface functional groups can serve as the Faradaic reactions

centers for efficient Li storage.

The electrochemical performance of these GO-based

materials was tested in a CR-2032 type coin cell by using the

standard half-cell configuration. Figs. 4a and S2 show the

CV curves of the three samples. It can be seen that the DCGO



Fig. 3 – FESEM images of (a) GO, (b) DCGO and (c) C/HGO. (d) HRTEM image of C/HGO. Inset shows the TEM image of C/HGO. (e)

Schematic illustration of the Faradaic reactions on the C/HGO electrodes.
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and C/HGO electrodes show a reversible lithiation/delithia-

tion process and better resolved CV peaks, but the

reversibility of GO is quite poor due to the irreversible cleav-

age of the oxygen functional groups [25]. In the initial cycle,

a couple of redox peaks is observed at about 1.7/4.2 for DCGO

and 1.8/4.2 for C/HGO, resulting from the lithiation/delithia-

tion process between Li+ and the carbonyl, hydroxyl and

epoxy groups on the electrode materials [26]. However, the

cathodic peak of these two materials shifts to a higher poten-

tial at �2.2 V in the following cycles, indicating an improved

reversibility of the electrochemical reaction with cycling due

to the reduced hysteresis between the anodic and cathodic

peaks [27]. Galvanostatic charge/discharge testing of these

GO-based electrodes at various current densities with a volt-

age range from 1.5 to 4.5 V are shown in Figs. 4b and S3. Nota-

bly, the discharge capacity of C/HGO is always higher than

that of GO and DCGO electrodes under the same current den-

sity. For example, the average discharge capacity of C/HGO is

175 mAh g�1 at a current density of 100 mA g�1 (Fig. 4c), while

GO and DCGO electrodes show an average capacity of 55 and

107 mAh g�1, respectively. Moreover, the C/HGO always exhib-

its a much larger capacity throughout the whole cycling test-

ing. It is interesting to note that the capacity of GO and DCGO

in the first cycle is comparable to C/HGO, then gradually

decreased in the following few cycles. This phenomenon
might be derived from the irreversible cleavage of the oxygen

functional groups that has also been demonstrated in the CV

test [25,26]. The capacity increasing of the DCGO after certain

cycles could be attributed to the activating process of the elec-

trode, which has also been observed in other carbon-based

materials [28,29]. In contrast, the C/HGO shows much

improved cycling stability over 600 cycles, indicating the

manipulation of the oxygen functional groups on GO is

indeed an effective strategy to decrease the irreversible lithi-

ation process of GO-based electrodes while enabling high

potential (vs. Li/Li+) and significantly enhanced Li storage

properties. Moreover, the remarkably enhanced conductivity

of C/HGO, demonstrated by XPS analysis and the EIS, can also

be responsible for its higher capacity. As shown in Fig. S4,

comparing with GO and DCGO electrodes, the C/HGO elec-

trode shows lower bulk resistance Rb (electrolyte resistance,

contact resistance. . .) and lower charge transfer resistance

RCT (GO (126.4 X) < DCGO (111.3 X) < C/HGO (70.9 X)), as well

as lower Warburg impedance Zw that related to the diffusion

of Li+ into the bulk electrode.

To further exploit advantages of the chemical engineering

of GO, a potential pathway for the tailoring of Li storage prop-

erties in GO, the rate performance of the as-obtained

GO-based materials is also investigated (Figs. 4d and S5).

Obviously, with respect to the reference GO cathode, the



Fig. 4 – (a) CV curves of C/HGO electrode at a scan rate of 0.2 mV s�1. (b) Charge–discharge curves of C/HGO electrode at various

current densities. (c) Cycling performance of GO, DCGO and C/HGO electrodes at a current density of 100 mA g�1. (d) Rate

capability of C/HGO electrode at different rates. (A color version of this figure can be viewed online.)

C A R B O N 7 6 ( 2 0 1 4 ) 1 4 8 – 1 5 4 153
specific capacity of the DCGO and C/HGO is substantially

increased at all investigated charge–discharge rates from

100 to 800 mA g�1. Especially, the C/HGO cathode exhibits

much superior rate performance with good capacity reten-

tion. The discharge capacity of C/HGO at a rate of 800 mA g�1

is as high as 84 mAh g�1, which is close to two times of that of

GO electrode (45 mAh g�1) and over three times of that of

DCGO (24 mAh g�1). Moreover, even after extended rate cycles

at the high rate measurements, the high capacity of C/HGO

cathode at 100 mA g�1 can also be recovered to almost the ini-

tial value, suggesting its good reversibility. At the high current

rates (400 and 800 mA g�1), DCGO exhibits a lower capacity to

that of GO, which can be ascribed to its long activating pro-

cess as observed in its cycling test in Fig. 4c.

The increased capacity, long-term cycling stability and

high rate capability of the C/HGO electrode are attributed to

its novel structure. As illustrated in Fig. 3d and e, the graph-

ene framework of the C/HGO can serve as channels for elec-

tron transport, whereas the remaining hydroxyl and

carbonyl groups in C/HGO may act as the reservoirs for Li stor-

age [27]. Therefore, the electrode can easily contact with the

electrolyte, ensuring fast Faradaic reaction of the electroac-

tive functional groups with Li-ions and rapid charge transfer

reaction. Also, this feature will shorten the diffusion length

of Li-ions and fasten Li-ions diffusion from electrolyte to elec-

trode. On the other hand, the much decreased oxygen content

in C/HGO endows its high electrical conductivity, which will

provide a fast and efficient pathway for electron transfer
between the active materials and the current collector. Com-

paring with other reported organic carbonyl compounds cath-

ode materials, the excellent electrochemical performance of

the C/HGO is attributed to (i) its insolubility in the electrolyte,

(ii) good conductivity for electron transport, (iii) abundant

hydroxyl and carbonyl groups for Li storage, implying its great

potential as a promising cathode material for high-

performance energy storage applications.
4. Summary

We have demonstrated that high-performance GO-based

cathodes can be successfully fabricated via chemical

engineering of GO. The effectiveness of this strategy is to

construct highly conducting graphene framework with elec-

troactive functional groups for reversible and fast Li storage

through chemoselective removal of the oxygen functional

groups on GO. The novel structure of the obtained GO-

based cathodes grantees these materials being superior to

the conventional Li intercalation cathodes, such as lithium

transition metal oxides or phosphates [30,31]. Especially,

C/HGO cathode exhibits excellent electrochemical perfor-

mance in terms of high capacity, good rate capability and

cycling stability. We believe that this chemical engineering

strategy could be broadly applicable for the fabrication of

other carbon-based cathodes for next-generation high-

performance LIBs.



154 C A R B O N 7 6 ( 2 0 1 4 ) 1 4 8 – 1 5 4
Acknowledgments

This work is supported by the Singapore National Research

Foundation under NRF RF Award No. NRFRF2010-07, A*Star

SERC PSF Grant 1321202101 and MOE Tier 2 MOE2012-T2-2-

049. H.Z. thanks the support from Singapore MOE under AcRF

Tier 2 (ARC 26/13, No. MOE2013-T2-1-034) and AcRF Tier 1 (RG

61/12), and the Start-Up Grant (M4080865.070.706022) in NTU.

This research is also funded by the Singapore National

Research Foundation and the publication is supported under

the Campus for Research Excellence and Technological Enter-

prise (CREATE) programme (Nanomaterials for Energy and

Water Management).
Appendix A. Supplementary data

Supplementary data associated with this article can be found,

in the online version, at http://dx.doi.org/10.1016/j.carbon.

2014.04.061.
R E F E R E N C E S
[1] Sathiya M, Rousse G, Ramesha K, Laisa CP, Vezin H, Sougrati
MT, et al. Reversible anionic redox chemistry in high-
capacity layered-oxide electrodes. Nat Mater
2013;12(9):827–35.

[2] Ai W, Xie L, Du Z, Zeng Z, Liu J, Zhang H, et al. A novel
graphene-polysulfide anode material for high-performance
lithium-ion batteries. Sci Rep 2013;3:2341.

[3] Reddy ALM, Gowda SR, Shaijumon MM, Ajayan PM. Hybrid
nanostructures for energy storage applications. Adv Mater
2012;24(37):5045–64.

[4] Whittingham MS, Song Y, Lutta S, Zavalij PY, Chernova NA.
Some transition metal (oxy)phosphates and vanadium
oxides for lithium batteries. J Mater Chem
2005;15(33):3362–79.

[5] Xu B, Qian D, Wang Z, Meng YS. Recent progress in cathode
materials research for advanced lithium ion batteries. Mater
Sci Eng 2012;73(5–6):51–65.

[6] Armand M, Tarascon JM. Building better batteries. Nature
2008;451(7179):652–7.

[7] Chen H, Armand M, Demailly G, Dolhem F, Poizot P, Tarascon
JM. From biomass to a renewable LiXC6O6 organic electrode
for sustainable Li-ion batteries. ChemSusChem
2008;1(4):348–55.

[8] Janoschka T, Teichler A, Häupler B, Jahnert T, Hager MD,
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