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a link between corrugation and thermal 
VWDELOLW\�RI�HSLWD[LDO�JUDSKHQH

W
e report about a novel approach, based on the combined use of synchrotron radiation-

IHZLK�[LJOUPX\LZ�HUK�+-;�JHSJ\SH[PVUZ��[V�PU]LZ[PNH[L�[OL�SPUR�IL[^LLU�[OL�JVYY\NH[PVU�
VM� LWP[H_PHS� NYHWOLUL� VU� 9L������� HUK� P[Z� [OLYTHS� Z[HIPSP[ �̀� 6\Y� YLZ\S[Z� WYV]L� [OH[�

NYHWOLUL�VU�9L�������PZ�Z[YVUNS`�JVYY\NH[LK��HUK�WVPU[�V\[�HU�\UHTIPN\V\Z�YLSH[PVUZOPW�IL[^LLU�
JVYY\NH[PVU�HUK�[OLYTHS�Z[HIPSP[ �̀�0U�MHJ[��[OL�OPNO�[LTWLYH[\YL�KPZY\W[PVU�VM�[OL�JHYIVU�UL[^VYR��
^OPJO� PZ�TLKPH[LK�I`�KPMM\ZPUN�]HJHUJPLZ�� [\YUZ�V\[� [V�IL�TVYL� SPRLS`� PU� [OL�I\JRSLK�� Z[YVUNS`�
PU[LYHJ[PUN�YLNPVUZ�VM�[OL�TVPYt�JLSS�

-PN\YL�����H��3,,+�WH[[LYU�VM�NYHWOLUL�9L���������I��3,,4�PTHNL�VM�[OL�NYHWOLUL�JV]LYLK�Z\IZ[YH[L��ZOV^PUN�[OL�SVUN�YHUNL�VYKLY�VM�[OL�*�
ÄST�VU�[OL�Z\YMHJL���J��;VW�HUK�ZPKL�]PL^Z�VM�[OL�ZPT\SH[LK�Z[Y\J[\YL��[OL�JVSVY�ZJHSL�YLÅLJ[Z�[OL�*�9L�KPZ[HUJL����K��*VTWHYPZVU�IL[^LLU�[OL�
experimental (empty circles) and the simulated C 1s spectrum (solid line); below is shown the calculated spectral distribution originated by the 
����*�H[VTZ�

0U�[OL�SHZ[�ML^�`LHYZ��LWP[H_PHS�
graphene has attracted a 

Z[HNNLYPUN�PU[LYLZ[�PU�[OL�ÄLSKZ�
of nanotechnology due to its 

V\[Z[HUKPUN�WYVWLY[PLZ�
0[�PZ�HJRUV^SLKNLK�[OH[�[OL�
strength of the graphene-substrate 

interaction and its thermally-induced 

TVKPÄJH[PVUZ�JHU�KLLWS`�HMMLJ[�UV[�
only the electronic, chemical and 

geometrical structure of the carbon 

layer, but also its heat transport 

WYVWLY[PLZ�
0U�[OPZ�YLZWLJ[��NYHWOLUL�JVYY\NH[PVU�
WSH`Z�H�RL`�YVSL�PU�KL[LYTPUPUN�[OL�
properties of the carbon sheet and its 

OPNO�[LTWLYH[\YL�Z[HIPSP[ �̀
0U�Z\WWVY[LK�NYHWOLUL��JVYY\NH[PVU�
arises from the strain caused by the 

SH[[PJL�TPZTH[JO�IL[^LLU�[OL�JHYIVU�

UL[^VYR�HUK�[OL�Z\IZ[YH[L��^OPJO�
SLHKZ�[V�[OL�MVYTH[PVU�VM�H�TVPYt�
SVUN�YHUNL�WLYPVKPJ�Z\WLYZ[Y\J[\YL�
6\Y�^VYR�MVJ\ZLZ�VU�[OL�
investigation of the properties of 

LWP[H_PHS�NYHWOLUL�VU�9L��������
The combined use of core level 

photoelectron spectroscopy and 

+LUZP[`�-\UJ[PVUHS�;OLVY`��+-;��
HSSV^LK�\Z�[V�WPUWVPU[�H�JSLHY�
J\[�SPUR�IL[^LLU�JVYY\NH[PVU�HUK�
thermal stability and to shed light 

on the microscopic mechanisms 

involved in the carbon layer 

IYLHR\W�
The single-layer graphene sheet 

VU�9L�������PZ�\UPMVYT�HUK�
^LSS�VYKLYLK�VU�H�SHYNL�ZJHSL��HZ�
WYV]LK�I`�[OL�3V^�,ULYN`�,SLJ[YVU�
4PJYVZJVW`��3,,4��PTHNLZ��-PN���I��

;OL�*��Z�JVYL�SL]LS�ZWLJ[Y\T�VM�[OL�
graphene-covered surface is reported 

PU�-PN���K��;OL�ZWLJ[Y\T�ZOV^Z�[^V�
THPU�JVTWVULU[Z��^OPJO�PZ�[`WPJHSS`�
[OL�OHSSTHYR�VM�H�Z[YVUNS`�PU[LYHJ[PUN�
NYHWOLUL�TL[HS�Z`Z[LT��
Ab initio +-;�JHSJ\SH[PVUZ�WLYMVYTLK�
VU�H����ô����� ô ��TVPYt�\UP[�JLSS�
(according to the stoichiometry 

suggested by electron diffraction 

measurements �-PN���H���YL]LHSLK�[OH[�
the carbon layer is strongly corrugated 

�-PN���J���^P[O�*�9L�KPZ[HUJLZ�YHUNPUN�
IL[^LLU�����HUK�����g�HUK�H�I\JRSPUN�
VM�e����g��0U[LYLZ[PUNS �̀�[OL�JVTW\[LK�
*��Z�JVYL�SL]LS�IPUKPUN�LULYNPLZ�VM�[OL�
����*�H[VTZ�PU�[OL�JLSS�ZOV^�H�JSLHY�
KLWLUKLUJL�VU�[OL�*�9L�KPZ[HUJL!�[OL�
JSVZLY�H�*�H[VT�PZ�[V�[OL�TL[HS�Z\YMHJL��
[OL�OPNOLY�P[Z�)PUKPUN�,ULYN`��),��PZ�
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:[HY[PUN�MYVT�[OL�JHSJ\SH[LK�),��^L�
Z\IZLX\LU[S`�Ä[[LK�[OL�L_WLYPTLU[HS�
spectrum to a convolution of 200 

JVTWVULU[Z!�[OL�HNYLLTLU[�IL[^LLU�
experimental and theoretical 

KH[H��-PN���K��WYV]LZ�[OH[�^OH[�
SPLZ�ILULH[O�[OL�[^V�WLHR�ZOHWLK�
spectrum of graphene is actually an 

almost continuous distribution of the 

*�9L�KPZ[HUJLZ�
The determination of graphene 

corrugation provided us the starting 

point to address the issue of thermal 

Z[HIPSP[ �̀
Annealing graphene to high 

temperature (>1000 K) leads in 

the initial stage to a substantial 

KLWSL[PVU�VM�[OL�OPNO�),�*��Z�
JVTWVULU[��SLH]PUN�[OL�WLHR�
H[�SV^LY�),�HSTVZ[�\UHMMLJ[LK�
�-PN���H�I���>L�WLYMVYTLK�H�
series of experiments at different 

temperatures, in order to monitor 

[OL�L]VS\[PVU�VM�[OL�OPNO�),�*�
1s component and measure its 

[LTWLYH[\YL�KLWLUKLU[�KLJH`�YH[L��
-YVT�[OL�(YYOLUP\Z�WSV[�VM�[OLZL�
KH[H��^L�LZ[PTH[LK�HU�LMMLJ[P]L�
HJ[P]H[PVU�IHYYPLY�MVY�*�*�IVUK�
IYLHR\W�VM�����������L=�
0U�VYKLY�[V�ZOLK�SPNO[�VU�[OL�
mechanisms of carbon layer 

KPZY\W[PVU�^L�\ZLK�+-;��(Z�P[�
turned out, a realistic reaction path 

involves the formation of carbon 

]HJHUJPLZ��^OPJO�JHU�KPMM\ZL�H[������
2�MYVT�[OL�^LHRS`�[V�[OL�Z[YVUNS`�
PU[LYHJ[PUN�YLNPVUZ�VM�[OL�TVPYt�JLSS�
�-PN���J���0U�[OL�WYLZLUJL�VM�KPMM\ZPUN�
vacancies, the overall barrier for 

*�*�IVUK�IYLHRPUN�PU�[OL�Z[YVUNS`�
PU[LYHJ[PUN�WHY[Z�HTV\U[Z�[V���L=��
^OPJO�TH[JOLZ�[OL�L_WLYPTLU[HSS`�
LZ[PTH[LK�]HS\L�
0U�JVUJS\ZPVU��V\Y�^VYR�
highlighted a clear correlation 

IL[^LLU�NYHWOLUL�JVYY\NH[PVU�
HUK�P[Z�[OLYTHS�Z[HIPSP[ �̀�H�RL`�
achievement especially in sight of 

the high temperature applications of 

Z\WWVY[LK�NYHWOLUL�

-PN\YL�����H��,]VS\[PVU�VM�[OL�*��Z�ZWLJ[Y\T�K\YPUN�HUULHSPUN�VM�[OL�NYHWOLUL�JV]LYLK�Z\IZ[YH[L�H[������2���I��0U[LUZP[`�KLJH`�VM�[OL�[^V�*��Z�
JVYL�SL]LS�JVTWVULU[Z��:�$�Z[YVUNS �̀�>�$�^LHRS`�PU[LYHJ[PUN��K\YPUN�[OL�HUULHSPUN���J��:PT\SH[LK�YLHJ[PVU�WH[O�MVY�NYHWOLUL�SH`LY�IYLHRPUN�PU�[OL�
presence of diffusing vacancies. Initial-, Transition- and Final-states are reported.


