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Soft X-ray spectromicroscopy of polymers and biomaterials: 

 from analysis to synthesis 
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Introduction 
"4I1 J&r+K GLe21r4,i2r4G24LK uGi9g G2+99i9g 1r+9G,iGGi49 J&
r+K ,i2r4G24LK M"NJ$O +1 13e )*E+92e* Lig31 "4ur2e M)L"O  
iG Qei9g +LL>ie* 14 Ru+91i1+1iEe 23e,i2+> ,+LLi9g 4I 9+1ur+> +9* 
GK913e1i2 L4>K,erG +1 3ig3 GL+1i+> reG4>u1i49 MS%( 9,O. Burre91 
,+1eri+>G +9+>KGiG +LL>i2+1i49G i92>u*e 9+94G1ru21ure* L4>K,er 
,i2r4GL3ereG Ti13 L41e91i+> +LL>i2+1i49G +G L34149i2 2rKG1+>G 
U76'V6 1e2142+LGu>eG U3V6 +9* 4rie91+1i49 ,+LLi9g i9 Gi>5 IiQerG 
UXV. Y9 +**1i496 13e Ii9e I42uGe* Qrig31 "NJ$ Qe+, iG Qei9g 
uGe* ZGK913e1i2+>>K[6 I4r 23e,i2+>>K GLe2iIi2 L+11er9 ge9er+1i49. 
 
Methods and Materials 
"NJ$ iG LerI4r,e* +1 *e*i2+1e* Qe9*i9g ,+g9e1 \L %.3.' +1 
13e )L". "L+1i+> reG4>u1i49 iG X( 9,6 *e1er,i9e* QK 13e A49e 
L>+1e. "Le21r+> reG4>Ei9g L4Ter 2+9 Qe ]%(((6 *eLe9*i9g 49 
G>i1G. "+,L>eG +re e,Qe**e* i9 eL4^K6  u>1r+,i2r414,e*6 14 + 
13i259eGG 4I %(&7%( 9, +9* ,4u91e* 49 3 ,, NF$ gri*G. 
$e+Gure,e91G +re ,+*e Ti13 13e "NJ$ 1+95 +1 7_3r* +1, He. 

 

Results 
Structured microspheres – towards photonic crystals: Fig. 7 
G34TG reGu>1G Ir4, B 7G "NJ$ 4I + 23e,i2+>>K G1ru21ure* 
,i2r4GL3ere Ti13 i91er9+> +99u>i 49 13e G2+>e 4I 13e 
T+Ee9>e9g13 4I >ig316 I4r,e* QK 1i,e* +**i1i49 4I + Ge249* 
re+ge91 M-$YO *uri9g e,u>Gi49 L4>K,eriA+1i49 4I + 2r4GG&>i95e* 
*iEi9K> Qe9Ae9e ,i2r4GL3ere U7V. "NJ$ Lr4Ei*eG i,L4r1+91 
Iee*Q+25 I4r i,Lr4Ei9g GK913e1i2 Lr42e*ureG 14 GK913eGiAe 
,i2r4GL3ereG Ti13 + 9u,Qer 4I  7((&3(( 9, Ti*e i91er9+> 
Q+9*G 4I +>1er9+1i9g reIr+21iEe i9*e^ Ti13 G3+rL i91erI+2eG. "u23 
G1ru21ureG ,+K e^3iQi1 L34149i2 Q+9* g+LG +9* Qe uGeIu> +G 
4L1i2+>>K +21iEe 24+1i9gG6 4L14&e>e21r49i2G6 e12. Y9 +**i1i496 Te 
3+Ee G1u*ie* -"&-$$) a49i49Gb I4r,e* QK G4>E+1i49&L3+Ge 
Gegreg+1i49 U'V +9* +GGe,Q>e* ,i2r4GL3ere&2+LGu>eG U3V. 
 
Orientation mapping of biological fibers: "i>5  Ir4, Gi>5T4r,G 
+9* GLi*erG 3+G 4u1G1+9*i9g ,e23+9i2+> Lr4Ler1ieG MG1re9g136 
e^1e9GiQi>i1KO. "i>5 Lr41ei9G 3+Ee + 3ig3 2491e91 4I reLe1i1iEe 
reGi*ueG T3i23 I4r, !&G3ee1 regi49G. )>ig9,e91 4I !&G3ee1G i9 
+*d+2e91 Lr41ei9G I4r, a2rKG1+>>i1eGb T3i23 +re Qe>ieEe* 14 Qe 
i,L4r1+91 I4r 13e ,e23+9i2+> Lr4Ler1ieG Mrei9I4r2i9g + G4I1 
,+1eri+> Ti13 3+r* Geg,e91GO. :e 3+Ee uGe* "NJ$ 14 ,e+Gure 
13e >i9e+r *i23r4iG, 4I 13e B 7G " !e+,i*e 1r+9Gi1i49 +9* 13uG 
,+L 13e GL+1i+> *iG1riQu1i49 4I 4rie91+1i49 i9 B. mori 242449 Gi>5 
UXV +9* N. clavipes *r+g>i9e GLi*er Gi>5. N3e >i9e+r *i23r4iG, 
,+LG 2+9 Qe 249Eer1e* 14 -' 4rie91+1i49 ,+LG UXV. B4,L+riG49 

+,49g G+,L>eG Lr4*u2e* Ti13 2491r4>>e* GLi99i9g GLee*G6 +9* 
Ti13 #+,+9 ,e+Gure,e91G 4I 13e G+,e G+,L>eG +re Qei9g uGe* 
14 Qe11er u9*erG1+9* 13e 4rigi9G 4I 13e ,e23+9i2+> Lr4Ler1ieG 4I 
13eGe I+G2i9+1i9g +9* L41e91i+>>K EerK uGeIu> ,+1eri+>G. 
 
Chemically specific lithography: :3i>e r+*i+1i49 *+,+ge iG 
ge9er+>>K +E4i*e* i9 ,+5i9g +9+>K1i2+> ,e+Gure,e91G Ti13 
"NJ$ QK 2+reIu>>K 2491r4>>i9g G+,L>e e^L4Gure6 13e 3ig3 
Qrig319eGG 4I 13e "NJ$ Qe+, Lr4Ei*eG + ,e+9G 14 e^L>4re 
r+*i+1i49 *+,+ge L3KGi2G +9* 23e,iG1rK6 +9* 14 uGe 13e >+rge 
*iIIere92eG i9 13e +QG4rL1i49 24eIIi2ie91G 4I *iIIere91 ,+1eri+>G 
14 LerI4r, 23e,i2+>>K Ge>e21iEe L+11er9i9g M>i134gr+L3KO. F4r 
13+1 LurL4Ge Te 3+Ee *eEe>4Le* + L+11er9 ge9er+1i49 r4u1i9e I4r 
"NJ$6 +9* 3+Ee e^L>4re* ,e134*G 14 2re+1e 23e,i2+>>K 
GLe2iIi2 L+11er9G i9 ,i^e* ,+1eri+>G. \e2+uGe ,4G1 4I 13e 
23e,i2+> *+,+ge MQ49* re+rr+9ge,e91G6 ,+GG >4GGO +re 
+GG42i+1e* Ti13 Ge249*+rK ,e23+9iG,G6 T3i23 +re ge9er+>>K 941 
23e,i2+>>K GLe2iIi26 i1 iG 941 eEi*e91 34T 49e 2+9 re1+i9 13e 
Ge>e21iEi1K 4I 13e Lri,+rK +QG4rL1i49 14 ,+5e 23e,i2+>>K 
GLe2iIi2 L+11er9G. :3e9 13e L\fL >4g4 iG 24>4r GeL+r+1e* +9* 
13e 24,L49e91G Tri11e9 i914 L4>Ke13K>2K+94+2rK>+1e M-FB)O +1 
'gh.g ei M!eB#fO +9* 'gg.% ei M!eBjkO6 13ere iG 94 23e,i2+> 
Ge>e21iEi1K. H4TeEer6 iI 13e G+,e e^L4Gure iG ,+*e i9 + 
-)f_-$$) Qi>+Ker Ti13 e+23 >+Ker 3( 9,  13i25 MG+,e 
Iu921i49+> gr4uLG +9*  Gi,i>+r B 7G GLe21ru, 14 -FB)O6 13e 
i*e91i2+> e^L4Gure G34TG e^RuiGi1e 23e,i2+>>K Ge>e21iEe 
L+11er9i9g MFig. 'O. :e +re ,+5i9g GKG1e,+1i2 G1u*ieG 14 
u9*erG1+9* T3K 13e i91er>+Ker i91erI+2e iG G4 eIIe21iEe i9 
2491r4>>i9g 13e r+9ge 4I 13e Ge249*+rK *+,+ge Lr42eGGeG. N3+1 
i9I4r,1+i49 24u>* 3+Ee i,L4r1+91 i,L>i2+1i49G i9 r+*i+1i49 
Lr41e21i49. 
 

#eGe+r23 GuLL4r1e* QK f"F#B6 B+9+*+ #eGe+r23 B3+ir6 BFY6 
+9* )F$9e1. $e+Gure,e91G +1 )L" "NJ$%3'6 Iu9*e* QK <4F 
u9*er 2491r+21 <F&)B(3&lh"F(((mg 
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Fig. 2.(left) C 1s spectra of PAN & PMMA. (centre) non-
specific patterning in PECA. (right) successful chemically 
selective pattern in a PAN/PMMA bilayer, written and read at 
the respective !* energies - 286.8 (red)  and 288.4 eV (blue). 
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Fig. 1 (left)  C 1s reference spectra. (right)  component 
maps  of a DVB  microsphere with internal PMI band, 
derived from a C 1s STXM image sequence 


