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Quantitative Magneto-Optical Characterization of Diffusive Reflected Light from Rough Steel
Samples Acquired with the SAMOKEM Tool

J .B. Gonzál ez-Díaz1 , J .A. Arregi 1 , A. M artínez-de-Guerenu 2, F. Ari zti 2 and A. Berger1

1 CI C nanoGUN E Consol i der, Tol osa H i ri bi dea 76, E-2001 8 Donosti a-San Sebasti án, Spai n
2CEI T, M anuel de Lardi zábal 1 5 , E-2001 8 Donosti a-San Sebasti án, Spai n

j .gonzal ez@nanogune.eu

M agneto-Opti cal Kerr Effect (M OKE) magnetometry, spectroscopy and el l i psometry have been empl oyed to characteri ze and
study magneti c systems wi th di fferent types of surfaces i ncl udi ng rough ones [1 -6] , where i t has been shown that there i s an
i mportant rel ati on i n between surface roughness on one hand and domai n si ze and magneti zati on reversal on the other [1 -2,4] .
The study of thi s ki nd of surfaces i s of great i mportance to achi eve a better understandi ng of the macroscopi c magneti c response
that ari ses from compl ex surfaces and i ts appl i cati on to al l types of devi ces. H owever, up to now, al l magneti c-opti cal studi es have
focused on surfaces where two fundamental characteri zati on parameters, namel y average roughness Ra and mean peak spaci ng
RSm, are smal l i n compari son to the wavel ength of l i ght [1 -6] . To our knowl edge, no study has anal yzed the magneto-opti cal
response i n other roughness regi mes, i .e. , magneti c surfaces wi th roughness parameters of the order (or much l arger) than the
wavel ength of l i ght, that makes the refl ected l i ght show a di ffusel y broadened spot. The onl y excepti on, bei ng a very speci al case
of roughness, i s the study of the magneto-opti cal (M O) response of di ffracted beams for sampl es, i n whi ch the surface has
peri odi c vari ati ons [7,8] . Thi s l ack of studi es may be attri buted to the fact that di ffuse l i ght i s not onl y very di ffi cul t to measure but
al so chal l engi ng to i nterpret for general i zed geometri es, si nce the measurements usual l y depend on the spot si ze col l ected at the
photo-detector as wel l as on the di fferent opti cal and magneto-opti cal responses that occur at di fferent scatteri ng angl es [7,8] .

An anal ysi s of sampl es wi th si gni fi cant roughness woul d be useful from an appl i ed and i ndustri al poi nt of vi ew, si nce i t may al l ow a
l ow-cost non-i nvasi ve surface magneti c characteri zati on of i ndustri al sampl es. Thi s i s preci sel y the purpose of the SAM OKEM
proj ect, whi ch ai ms at achi evi ng an understandi ng the M O response from compl ex magneti c surfaces, besi des devel opi ng a
portabl e, compact and effi ci ent tool for M O measurements. Speci fi cal l y, we measure here the magneto-opti cal response of
pol i shed i ndustri al sampl es of varyi ng average roughness Ra, whi ch i s of the order of the l i ght wavel ength and has a mean peak
spaci ng RSm that i s much l arger than the observati on wavel ength (see fi gure 1 ) . For thi s purpose, we performed quanti tati ve
M OKE measurements for di ffusel y scattered l i ght wi th hi gh si gnal -to-noi se rati o usi ng the tabl e-top experi ment devel oped for the
SAM OKEM prototype. Our study demonstrates that for these speci fi c sampl es, the magneto-opti cal acti vi ty i s monotonousl y
i ncreasi ng as a functi on

of the scatteri ng angl e,
whi l e preservi ng i ts fi el d
dependent shape, i .e.
the hysteresi s l oop
shape (see fi gure 2) .
We furthermore fi nd
that thi s behavi or can be

expl ai ned by consi deri ng the di ffused l i ght refl ected from
a rough surface to be equi val ent to the refl ecti on of l i ght
from pl anar surface segments wi th varyi ng i nci dence
angl es. These resul ts demonstrate the potenti al
appl i cabi l i ty of the SAM OKEM tool for the anal ysi s of
rough surfaces and therefore, we concl ude that thi s ki nd
of quanti tati ve magneto-opti cal characteri zati on has the
potenti al to fi nd wi de-spread appl i cati ons i n i ndustry.

[1 ] M . Li , G.C. Wang, and H .G. M i n, J . App. Phys. 83 , 5 3 1 3
(1 9 9 8)
[2] Y.-P. Zhao, R. M . Gamache, G. C. Wang, T.M . Lu, G.
Pal asantzas and J .Th.M . De H osson, J . Appl . Phys. 89 , 1 3 25
(2001 )
[3 ] P. Vavassori , L. Cal l egaro, E. Puppi n, F. M al i zi a, and F. Ronconi ,
J . M ag. M ag. M ater. 1 5 7, 1 71 (1 9 9 6)
[4] H .S. N agaraj a, K.K. N agaraj a, and F. Rossi gnol , J . Supercond.
N ov. M agn. 25 , 1 9 01 (201 2)
[5 ] J . Swerts, S. Vandezande, K. Temst, and C. Van H aesendonck,
Sol i d State Commun. 1 3 1 , 3 5 9 (2004)
[6] K. Zhang, M . Uhrmacher, H . H ofsäss, and J . Krauser, J . Appl .
Phys. 1 03 , 083 5 07 (2008)
[7] T. Verduci , C. Rufo, A. Berger, V. M etl ushko, B. I l l i c, and P.
Vavassori , App. Phys. Lett. 9 9 , 09 25 01 (201 1 )
[8] M . Gri msdi tch and P. Vavassori , J . Phys. Condens. M atter 1 6,
R275 (2004)

Figure 1 . Light microscopy images of
the different samples employed in
this study. For the sake of roughness
comparison, all sample stripes are
aligned vertically. The scale shown in
(a) applies to all pictures. Below the
images, we show the scattered laser
spots corresponding to each of the
samples. ∆ accounts for the
difference in between incidence and
scattering angles (∆ = 0 for specular
reflection) .

Figure 2. Experimentally determined
Kerr rotation hysteresis loops for
different scattering angles: (a-g)
sample S1 with small roughness; (h-
n) sample S3 with larger roughness.
For comparison, figure (a) also
displays the normalized bulk
magnetization response of sample
S1 (which is equivalent for all
samples in our study) as a function
of the applied magnetic field.

SAM OKEMTal ks



PU/Acrylic waterbone hybrid adhesives: structure and properties

Paul a Carretero1 and Gerardo M artínez Rugeri o2

1 UPV/EH U-Pol ymat
2 CFM - CSI C-UPV/EH U

Waterborne PU/acryl i c hybri d adhesi ves have been synthesi zed by mi ni emul si on pol ymeri zati on. Two di fferent i ni ti ati on strategi es
have been used; thermal i ni ti ati on at 70ºC and photoi ni ti ati on at 25 ºC. The nanostructure obtai ned wi th both types of i ni ti ati ons
as wel l as varyi ng the process vari abl es i n the case of photopol ymeri zati on has been studi ed, as wel l as i ts effect on the fi nal
adhesi ve properti es of the hybri d systems.
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POLYM ERS

PH OTON

Scattering and Near-field of infrared Nanoantennas

P. Al onso-Gonzál ez1 , P. Al bel l a1 ,2, M . Schnel l 1 , J . Chen 1 ,2, F. H uth 1 ,3, A. García-Etxarri 2,4,5, F. Casanova1 ,5, F. Gol mar
1 ,6, L. Arzubi aga1 , L. E. H ueso1 ,5, J . Ai zpurua 2, R. H i l l enbrand 1 ,5

1 CI C nanoGUN E, 2001 8 Donosti a – San Sebasti án, Spai n
2 Centro de Fi si ca de M ateri al es (CSI C-UPV/EH U) and Donosti a I nternati onal Physi cs Center (DI PC) , 2001 8 Donosti a-San Sebasti án, Spai n

3 N easpec GmbH , 821 5 2 M arti nsri ed M uni ch, Germany
4 Department of M ateri al s Sci ence and Engi neeri ng, Stanford Uni versi ty, Stanford, CA, 9 43 05 , Uni ted States

5 I KERBASQUE, Basque Foundati on for Sci ence, 4801 1 Bi l bao, Spai n
6 I .N .T.I .–CON I CET, Av. Gral . Paz 5 445 , Ed. 42, B1 65 0J KA, San M artín, Bs As, Argenti na

Li ght scatteri ng at nanoscal e obj ects - such as parti cl es and mol ecul es - can be dramati cal l y enhanced i n the “hot spots” of
pl asmoni c antennas, where the i nci dent l i ght i s hi ghl y concentrated. Al though thi s effect i s wi del y appl i ed i n surface- and fi el d-
enhanced opti cal sensi ng, spectroscopy and mi croscopy, the underl yi ng el ectromagneti c mechani sm of the si gnal enhancement has
not yet been traced experi mental l y. To thi s regard, i n thi s contri buti on we wi l l present a new approach to resol ve the rol e of the
antenna i n the scatteri ng process by studyi ng the el asti cal l y scattered l i ght from an i ndi vi dual obj ect l ocated i n the wel l -defi ned hot
spot of si ngl e antennas. Understandi ng scatteri ng processes i n opti cal and I R nanoantennas i s cruci al to devel op fi el d-enhanced
spectroscopy, effecti ve bi osensors and control of coherence i n quantum emi tters, among other appl i cati ons. .

BASKRETE

Theoretical 29Si NMR in Hydrated Portland Cement

Paweł Rej mak, 1 J orge S. Dol ado, 2 M al col m J . Stott 3 and Andrés Ayuel a1 ,4

1 Donosti a I nternati onal Physi cs Center (DI PC) , p. M anuel de Lardi zabal 4, Donosti a-San Sebasti án, Spai n
2 Tecnal i a Research and I nnovati on, Gel do Edi fi ci o 700, 481 60 Deri o, Spai n

3 Queen' s Uni versi ty, Ki ngston, ON K7L 3 N 6, Canada
4 Centro de Físi ca de M ateri al es CFM -M PC, Centro M i xto CSI C-UPV/EH U, p. M anuel de Lardi zabal 5 , Donosti a-San Sebasti án, Spai n

H ydrated Portl and cement consi sts of 5 0–70 % i n mass of cal ci um–si l i cate–hydrate (C–S–H ) gel , an amorphous sol i d responsi bl e
for most of the cement mechani cal properti es [1 ] . Al though C–S–H gel i s the most wi del y manufactured materi al i n the worl d, i ts
exact nanostructure i s not ful l y expl ai ned yet. The present atomi sti c model s of C-S-H gel are based on two l ayered i nosi l i cate
mi neral s, ei ther j enni te or tobermori te [2] . 29Si M AS N M R i s one of the most commonl y used experi mental techni que for the
characteri zati on of C–S–H gel [3 ] . H owever, N M R resul ts are not abl e to unambi guousl y el uci date the structure of thi s compl ex
materi al .

We here present the fi rst, up to the best of our knowl edge, theoreti cal si mul ati on of 29Si M AS N M R spectra for the structural
model s of C–S–H gel [4] . M agneti c shi el di ng tensor was cal cul ated at the densi ty functi onal theory l evel empl oyi ng Gauge
I ncl udi ng Proj ector Augmented Waves

method [5 ] . The chemi cal shi fts was obtai ned usi ng sel ected si l i cates as the references. I n order to si mul ate N M R spectra of
amorphous C–S–H gel we sampl ed fi fteen di fferent peri odi c model s, deri ved from the experi mental structures of j enni te and
tobermori te. We found the best agreement between cal cul ated and experi mental M AS N M R spectra of C–S–H gel for
tobermori te based model s wi th hi gh Ca l oadi ng. We al so i nvesti gated 29Si chemi cal shi ft ani sotropi es and showed that thi s
quanti ty can di scri mi nate vari ous Si si tes i n C–S–H gel i n much cl earer way than i sotropi c chemi cal shi ft onl y [6] .

[1 ] Tayl or, H . F. W. Cement Chemi stry, 2nd ed.; Thomas Tel ford:London, 1 9 9 7.
[2] Ri chardson, I . G. Cem. Concr. Res. 2008, 3 8, 1 3 7− 1 5 8.
[3 ] Ri chardson, I . G.; Ski bsted, J . ; Bl ack, J . ; Ki rkpatri ck, R. J . Adv. Cem. Res. 201 0, 22, 23 3 − 248.
[4] Rej mak, P.; Dol ado, J . S. ; Stott, M . J . ; Ayuel a, A. J . Phys. Chem. C 201 2, 1 1 6, 9 75 5 –9 761 .
[5 ] Pi ckard, C. J . and M auri , F. Phys. Rev. B 2001 , 63 , 245 1 01 –245 1 1 3 .
[6] Rej mak, P.; Dol ado, J . S. ; Stott, M . J . ; Ayuel a, A. J . Phys. Chem. C 201 3 , 1 1 7, 83 74–83 80.
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GRAPH EN E

Exfoliation of graphene oxide using ionic l iquids: experimental and molecular modell ing approach

B Coto, M Bl anco, N Uranga, J Barri ga, A M arcai de
I K4-TEKN I KER, I ñaki Goenaga 5 , 20600 Ei bar, Spai n

borj a.coto@tekni ker.es

Graphene, a one-atom-thi ck pl anar sheet of sp2 hybri di zed carbon, has recei ved much attenti on due to i ts outstandi ng properti es
such as l arge speci fi c surface area, hi gh el ectri cal and thermal conducti vi ty, excel l ent chemi cal stabi l i ty and mechani cal sti ffness.
Graphi te, whi ch i s cheap and readi l y avai l abl e, consi sts of stacked graphene sheets. Therefore, one of the most conveni ent
methods for the mass producti on of graphene sheets i s the exfol i ati on of graphi te i n the l i qui d phase. Recentl y, many attempts to
produce graphene sheets i n l arge quanti ti es vi a chemi cal reducti on of exfol i ated graphi te oxi de (GO) have been reported. Duri ng
the oxi dati on process of graphi te, the uni que el ectroni c properti es of graphene dramati cal l y degrade. The el ectri cal conducti vi ty of
the graphene oxi de sheets can be parti al l y restored by the reducti on step; however, thi s resul ts i n thei r i rreversi bl e aggl omerati on.

Therefore, di fferent strategi es to di sperse
graphene sheets before or duri ng reducti on step
have been used, i ncl udi ng stabi l i zati on by vari ous
pol ymeri c di spersants or surfactants and
coval ent/non-coval ent functi onal i zati on [1 ] .

I n thi s context, i oni c l i qui d (I Ls) can be used for
functi onal i zati on of graphene. They can adsorb on
the graphene surface through the noncoval ent
i nteracti ons of ani on and/or cati on wi th graphene.
I Ls present several advantages such as enhanced
i oni c conducti vi ty, thermal stabi l i ty and excel l ent
mechani cal properti es. The graphene modi fi ed
wi th I Ls are endowed wi th i mproved conducti vi ty,
excel l ent hydrophi l i ci ty and posi ti ve charged [2] .
The repul si on between the resul tant cati on-
charged GO sheets, the charge transfer between
the i ons and graphene and the hi gh sol ubi l i ty of
the grafted I L contri bute to the exfol i ati on of
graphi te i nto graphene sheets and to prepare
l ong-term stabl e graphene di spersi ons usi ng I Ls
[3 ] .

I n thi s work, several I Ls wi th di fferent chemi cal
structures have been synthesi zed and empl oyed
for the modi fi cati on of graphi te and graphi te oxi de
i n order to show the possi bl e exfol i ati on of
graphene l ayers i n both materi al s. The graphi te
oxi de empl oyed for the study has been prepared
by the H ummers method. The average i nterl ayer
spaci ng between the exfol i ated graphene l ayers i n
graphi te and graphi te oxi de has been measured by
X-ray di ffracti on (XRD) (fi gure 1 ) . M ol ecul ar
dynami cs si mul ati ons were al so used to study the
i nfl uence of I Ls i n the i nterl ayer spaci ng (fi gure 2) .

[1 ] M Tunckol , J Durand, P Serp, Carbon, 5 0 (201 2) 43 03 -43 3 4.
[2] R M arci l l a, M Sánchez-Pani agua, B López-Rui z, E López-Cabarcos, E Ochoteco, H Grande, D M ecerreyes, J ournal of Pol ymer Sci ence Part A:
Pol ymer Chemi stry, 44 (2006) 3 9 5 8-3 9 65 .
[3 ] M H Ghatee, F M oosavi , J ournal of Physi cal Chemi stry C, 1 1 5 (201 1 ) 5 626-5 63 6.

Figure 1 . XRD Experimental and simulated patterns ofgraphite oxide.

Figure 2. Molecular model ofgraphite oxide with adsorbed water.
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Focused electron beam induced deposition and magneto-optical magnetometry of cobalt nano-
structures

O. I di goras1 , E. N i kul i na1 , P. Vavassori 1 ,2, A. Chuvi l i n 1 ,2, and A. Berger1

1 CI C nanoGUN E Consol i der, Tol osa H i ri bi dea 76, 2001 8 Donosti a-San Sebasti an, Spai n
2 I kerbasque, Basque Foundati on for Sci ence, Al ameda Urqui j o 3 6-5 , 4801 1 Bi l bao, Spai n

oi di goras@nanogune.eu

The abi l i ty of fabri cati ng and characteri zi ng nanostructures wi th hi gh preci si on i s of cruci al i mportance for a wi de range of
technol ogi cal appl i cati ons, such as for i nstance, i n semi conductor i ndustry. Even though structuri ng of nanoscal e systems may be
achi eved by di fferent l i thography techni ques [1 ] , focused el ectron beam i nduced deposi ti on (FEBI D) has recentl y attracted a very
substanti al amount of i nterest [2,3 ] . FEBI D i s based on the el ectron-i nduced di ssoci ati on of a mol ecul ar precursor gas i nto vol ati l e
and non-vol ati l e components, whi ch then deposi t onto surfaces [3 ,4] . One of the most attracti ve features of thi s techni que i s the
rapi d prototypi ng, because i t i s a one-step techni que. M oreover, FEBI D al l ows for the fabri cati on of 3 -di mensi onal compl ex
nanostructures i n a wi de range of materi al s. I n thi s work, we have fabri cated several Co nanostructures by means of FEBI D,
i ncl udi ng wi res where l ateral di mensi ons were shrunk down to 3 0 nm, as wel l as 3 di mensi onal nano-pi l l ars. Thei r magneti c
properti es have been measured by means of a magneto-opti cal Kerr effect (M OKE) mi croscopy [5 ] , whi ch i s a powerful techni que
to i mage magneti c domai ns, as wel l as characteri ze i ndi vi dual properti es of magneti c nanostructures. Thus, thi s work i s ti ghtl y

connected to the SAM OKEM proj ect of nanoI KER.

FEBI D of Co structures has been done by usi ng a commerci al H el i os
N anoLabTM Dual Beam TM system (FEI , N etherl ands) . Fi gure 1 (a)
shows a scanni ng el ectron mi croscopy i mage of a 3 0 nm wi re, whi l e
fi gure 1 (e) di spl ays an array of pi l l ars that are 80 nm wi de and 21 0
nm hi gh. I n order to get the ri ght composi ti on, l ateral resol uti on and
desi red shape of the structures one needs to fi nd the opti mal
deposi ti on parameter condi ti ons. Both structures were made at
constant val ues of background pressure (6x1 0-5 Pa) , step si ze (5 nm)
and sampl e to gas i nj ecti on system di stance (5 0 ̌̌m) . Whi l e the 3 0 nm
wi de wi re was produced usi ng a hi gh el ectron beam energy of 3 0 kV,
an el ectron beam current of 2.7 nA and 6x1 0-5 Pa precursor gas
pressure, the nanopi l l ars were obtai ned by usi ng an el ectron beam
energy of 2 kV i n conj uncti on wi th an el ectron beam current of 86
pA and 8x1 0-4 Pa precursor gas pressure.

The magneti c anal ysi s was carri ed out wi th an opti cal wi de-fi el d
pol ari zati on mi croscope opti mi zed for Kerr mi croscopy (Evi co
M agneti cs GmbH , Germany) . The mi croscope i s equi pped wi th a hi gh
sensi ti vi ty CCD camera that i s capabl e of taki ng magneti c-contrast
i mages down to 25 x20 ̌̌m 2 sampl e surface areas, di vi ded i nto
1 024x768 pi xel s. The key feature of our approach i s that we can
measure the fi el d dependent l ocal magneti zati on, ei ther i n-pl ane or
out-of-pl ane, by sel ecti ng an arbi trary (shape, si ze, and posi ti on i n the

fi el d of vi ew) regi on of i nterest (ROI ) on the CCD camera pi xel array, and use thi s array sel ecti on as a conventi onal l i ght i ntensi ty
detector. I n thi s way, we can maxi mi ze the magneto-opti cal si gnal , resul ti ng i n an opti mi zed si gnal -to-noi se (S/N ) rati o. The
advantage of our approach i s evi dent from the measurement reported i n Fi g. 1 (b) , where we demonstrate that we are abl e to
record a si ngl e shot hysteresi s l oop wi th an average S/N of 4.1 per data poi nt for a 20 nm hi gh Co wi re that i s onl y 3 0 nm wi de
(Fi g. 1 (a) ) . Renormal i zi ng thi s resul t to the commonl y used detecti on cri teri on (S/N = 2) , we concl ude that our measurements
are sensi bl e to a magneti c moment of onl y 2 x 1 0-1 5 Am 2. By compari ng our resul ts to other magnetometry techni ques such as
the l atest generati on SQUI Ds wi th thei r sensi ti vi ty i n the 1 0-1 2 - 1 0-1 3 Am 2 range, i t becomes obvi ous that M OKE mi croscopy
based magnetometry al l ows for true nanoscal e magneti c characteri zati ons. Fi gure 1 (c) shows an average over 9 si ngl e shot
measurements for the 3 0 nm wi de wi re. H ere, we fi nd that the S/N has i ncreased by a factor of al most 3 . Thi s confi rms that we
coul d measure even smal l er structures wi th l ess than 1 0 nm wi dth.

For the 3 0 nm wi de wi re, one observes a rectangul ar hysteresi s l oop wi th a coerci ve fi el d of 75 mT (Fi g. 1 (c) ) , i .e. the expected
behavi our gi ven that the external fi el d i s appl i ed al ong the wi re l ength, whi ch i s the easy axi s of magneti zati on due to shape
ani sotropy. I n the case of hysteresi s l oops measured i n a peri odi cal l y ordered 20 x 20 nanopi l l ar array (Fi g. 1 (e) ) , a center-pi nched
structure i s found wi th reduced magneti zati on i n the remanent state and a pl ateau-l i ke feature at l ow appl i ed fi el ds, i .e. a behavi or
that ari se due to the magnetostati c coupl i ng between adj acent pi l l ars i f exchange coupl i ng i s l ow or absent.

Our resul ts demonstrate that the combi nati on of FEBI D and M OKE mi croscopy makes i t possi bl e to expl ore magneti zati on
reversal properti es of i ndi vi dual and col l ecti ve nanostructures andthus opens up a broadl y appl i cabl e avenue to perform systemati c
research on nano-scal e magnets.
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Figure 1 : (a) and (d) show scanning electron microscope images
respectively of a 30 nm wide Co wire and an array of nanopillars of
size 80 x 21 0 nm, both of which are fabricated by electron beam
induced deposition. (b) , (c) and (e) display hysteresis loops
measured in these structures by Kerr effect microscopy. While (b)
and (c) show hysteresis loop measured for the 30 nm wide Co wire
((b) is a single shot measurement and (c) an average of 9 loop
cycles) , (e) shows the hysteresis loop measured for the Co
nanopillar array in (d) .
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Nanostructuring of thermosetting matrices with block copolymers

Gal der Kortaberri a
UPV/EH U - GM T

N anostructuri ng of epoxy thermosetti ng matri ces wi th bl ock copol ymers has been carri ed out by usi ng di fferent types and
amounts of bl ock copol ymers such as pol y(styrene-b-butadi ene-styrene) (SBS) , pol y(styrene-b-ethyl ene oxi de) (PSEO) or
pol y(i soprene-b-methyl methacryl ate) (PI -b-PM M A) . Di fferent morphol ogi es have been obtai ned dependi ng on the copol ymer
amount and curi ng condi ti ons. The effect of bl ock copol ymers on the cure reacti on ki neti cs has been al so anal yzed. Obtai ned
nanostructures have been used for the sel ecti ve pl acement of nanoparti cl es i n the generated nanodomai ns.
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Influence of Quantum effects on Plasmonic systems

R. Esteban and J . Ai zpurua
Centro de Físi ca de M ateri al es, Centro M i xto CSI C-UPV/EH U and Donosti a I nternati onal Physi cs Center (DI PC) , Donosti a-San Sebasti an, 2001 8, Spai n,

ruben_esteban@ehu.es

M etal l i c parti cl es of nanometer di mensi ons support pl asmoni c resonances at opti cal and i nfrared frequenci es, whi ch are often
expl oi ted to obtai n very strong and l ocal i zed near fi el ds. A system of parti cul ar i nterest i s a di mer consi sti ng of two parti cl es
separated by a very narrow gap. For most practi cal purposes, thi s system can be studi ed cl assi cal l y, descri bi ng the materi al by i ts
permi tti vi ty and sol vi ng the M axwel l equati ons. H owever, for subnanometer separati on di stances quantum tunnel i ng can strongl y
modi fy the opti cal response, changi ng the modal structure and suppressi ng the i ntensi ty of the l ocal fi el ds at the gap. H ere, we
di scuss the behavi or of di mers on these cl assi cal and quantum regi mes, and di scuss a si mpl e method devel oped to i ncl ude the
i nfl uence of quantum tunnel i ng on cal cul ati ons of l arge pl asmoni c system. We l ast di scuss recent experi mental resul ts
demonstrati ng the emergence of the quantum effects on pl asmoni c systems wi th very narrow gaps. Quantum effects mi ght be
cruci al i n a vari ety of appl i cati ons rangi ng from fi el d-enhanced spectroscopi es to bi osensi ng and mi croscopy technol ogi es i nvol vi ng
the subnanometri c scal e.
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Water-borne graphene/polymer composites: colloidal stabil ity issues

A. Arzac, G.P. Leal , R. Tomovska
UPV/EH U-Pol ymat

We present synthesi s of water borne pol ymer graphene composi tes for possi bl e appl i cati on as el ectri cal l y conducti ve coati ngs i n
the next-generati on materi al for nanoel ectroni c devi ces. Si nce the col l oi dal stabi l i ty of the prepared hybri d di spersi ons i s an i ssue
of great si gni fi cance for water borne products, i t was performed a systemati c study toward stabl e col l oi dal aqueous
pol ymer/graphene hybri d l atexes, capabl e to form composi te fi l ms by water evaporati on at standard atmospheri c condi ti ons. The
mai n route that was fol l owed i s to stabi l i ze fi rstl y the graphene nanopl atel ets (GN Ps) or reduced graphene oxi de (rGO) i n water
by means of di fferent surfactants fol l owi ng l i qui d phase exfol i ati on procedure (LPE) , composed of subsequent soni cati on and
centri fugati on. Starti ng from these stabl e graphene aqueous di spersi ons, water borne pol ymer hybri d di spersi ons were prepared
by two procedures: emul si on mi xi ng (bl endi ng) and i n si tu pol ymeri zati on. The sel ected pol ymer system i s composed from
pol y(methyl metacryl ate/butyl acryl ate) i n 5 0/5 0 wt% rati o i n order to obtai n gl ass transi ti on temperature (Tg) of the fi nal fi l m
l ower than room temperature. The semi conti nuous seeded emul si on pol ymeri zati on has been used to prepare the pol ymer
nanoparti cl es aqueous di spersi ons (l atexes) to be used for emul si on mi xi ng, and to prepare hybri d l atexes by i n si tu reacti ons.
Very stabl e hybri d di spersi ons were prepared, whi ch have shown to be a val uabl e tool toward composi te fi l ms contai ni ng hi ghl y
ordered rGO pl atel ets i n the pol ymer matri x.

Molecular modell ing of shear deformations in ordered and disordered Calcium Sil icate Hydrates

H egoi M anzano, Enri co M asoero, I ñi go Lopez-Arbel oa, H . M . J enni ngs
UPV/EH U

The cal ci um si l i cate hydrate (C-S-H ) gel i s the phase that provi des cohesi ve strength to cement. The mechani cal properti es of the
C-S-H gel at the mol ecul ar l evel are key to the durabi l i ty of i nfrastructures made of concrete, control l i ng macroscopi c properti es
such as creep. Unfortunatel y, the exi sti ng experi mental techni ques cannot access the nanostructure and properti es of thi s very
heterogeneous phase, whi ch i mpl i es a l ack of understandi ng on the mol ecul ar scal e mechani sms governi ng creep. Under thi s
scenari o, atomi sti c si mul ati ons consti tute a val uabl e al ternati ve. I n thi s work we study the mechani cal response of a C-S-H gel
di sordered model under l arge shear deformati ons usi ng reacti ve force fi el d si mul ati ons. Fi rst, we cal cul ate el asti c properti es of the
system. Then we appl y deformati ons beyond the el asti c l i mi t, anal yzi ng the l ocal i zati on of stresses and strai ns. Our resul ts poi nt to
the i mportance of water i n creep, so we compl ement the study si mul ati ng systems wi th di fferent water contents. Fi nal l y, the
energy barri ers under strai n are empl oyed to l i nk the strai n and ti me for the materi al . I mpl i cati ons of our fi ndi ngs for a col l oi dal
descri pti on of the C-S-H gel mechani cs and for the macroscopi c properti es of cement are di scussed.
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