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Abstrakt

V této praci byly posuzoviny mot npe t p ¥ € h o Ramahavshy c h s p e kntsituo me t r

ve shirkovych prostorach. Prace je zamé f ena na i d e ntdirfaihkyacchi kkaanmeenn
hi storickMeiherki ewodliialzael.a Prvni  TimEdwenkémrmnbRdau
Praze, kde byl studovdn st f i br ny &ltpdld vinmy TI10%.u szt o bzdoben . Tent

sadou kamend a sklenénych napodobendvnemaSt it
p f e n o Ramgnonskymi spektrometry ( e x ci t ac e puinonoudélkoul78 8582 O s
nm).

Druhé meéf enpiostochBb &t s b ékiej srmeet ymé |l i, tlohdi €§pseszni ¢ ie s
nevystavované, u meé | ec k é up iCechrédtyygtoanou vystavu. Jednal
(hdausnipkrest eny, nar amky, brote), tak i 0O bétné
flakonyhHedmét y s nabotenskou témati kou (pfFeva
a jezul 4t ko) . K méfeni by bk§spektromettyijakowp 8 i ppdé pf
&titu na Toru.

Ramanovské pasy, zi skané na jednotlivych 0 énface, lse e ¢ h p
shodovaly s referené¢niOdané hylokdamos @ mp o mjcm'ey @élbdi w T
mn o h a pfripadech zajistilo KRiveanodgmé rau Cdhd bfRa
spektrometry, pracujici s laserem o vinové délce 785a 532 nm,dokdzal v rychl e a | edr
ur ¢it t € mé,ikteréd Mobilk amé méa Toér u. St fingm nogryyim oz dob
akvamari nem, t ¥ emi fial ovymi ametysty, tfFinac
jako almandiny), tfiemi &drlweméhlmerdiamil @ patmét
nicht jeden byl bily, V&ezkhynlyé o&ttyaitini bylay edverév
vyhodnoceny jako sklenéné i msatedikamerPbnékndyc
barev, tvarld aveleky kobjfémaskllawvéadreych i mitaci
namontované kameny byly shromatdény a darova
pdvodné ¢i st éSisttufaicber n hloo reatié& ubyl a dosti podo
témati kou bylopyeopétbaheyngmizdskl enény mi i mita
zdobeny granaty a perl ami. U Sperkl se hojné

potfeby byly zidmbeage mik | & ng ¥ ney(achity, ahadcedangl a mi kT
jaspisy).

P et ®amanovy spektrometry, d ne s v c e | ckeun obvét ndd setdwssg mév uj i i d
nastroj pro rychlou a pfesnou identifikaci dr
které zdobi hinsituer pckét pf adimé my z egestriktoviim s b i r e k
zplUsolbzen. j e doporugéemolpo @i cpkoyucthi tpr avcovi §ti ch
potadovana rychl 4& a jednoznac¢na identifikace
nebo pfemi stovani do | aboratofi.



Summary

This thesis investigates the potential and limits of portable Raman spectrometers for their
application in situ in the environment of museum collections. The data sets were obtained at the
two locations. The first measurement took place in the Jewish Museum in Prague. Here we have
studied stones from a silver Torah shield from the first half of the nineteen century. This shield
is decorated with a set of precious and semi-precious stones and glass imitations. The shield
originates from Poland and has been studied using two portable Raman spectrometers (785 nm
and 532 and excitations).

The second measurement took place in the premises of the Prague Loreto where we had
available, at that time still unshown, objects of art for the forthcoming new exhibition. It was
about jewelry like earrings, rings, bracelets and brooches, also about ordinary objects of daily
use like mirrors, bowls and perfume bottles, or about the objects with religious themes, mostly
crowns for the Virgin Mary and baby jesus.

The obtained Raman bands correspond well with the reference values of the minerals, the
deviation ranged in the order of +/- 3 cm™, which in general permits unambiguous identification
of phases. Portable handheld Raman spectrometers working with a laser wavelength of 785 nm
and 532 nm were able to quickly and unambiguously identify almost 60 stones that adorned the
Torah shield. The shield was decorated with one blue aquamarine, three purple amethysts,
thirteen red garnets (which were later identified as almandines), three white pearls, fifteen
pieces of red coral and five chalcedony, one of these was white, and the remaining four were
red. All the other colored stones on the shield have been evaluated as glass imitation. Somewhat
chaotic concept of placing stones of various colors, shapes and sizes and mainly to the large
volume of glass imitations support the presumption that the mounted stones were collected and
donated by jewish households to decorate originally pure silver shield. The situation in Loreto
was rather similar. Items with religious themes were, once again, profusely decorated with
colorful glass imitations. The more valuable pieces were decorated with garnets and pearls. For
jewelry are frequently occurring diamonds and garnets. Items of daily use have been decorated
with glass imitations and the different varieties of quartz (agate, chalcedony, jasper).

Portable Raman spectrometers represent an ideal tool for the rapid and unambiguous
identification of precious stones, semi-precious stones and various imitations, which are
adorned with historical items, in situin the premises of the museum's collections-friendly non-
destructive way.They can be recommended for gemological labs and elsewhere where there is a
need of fast and unambiguous identification of stones on historical artifacts.
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SEZNAM ZKRATEK

RS - Ramanova spektroskopie

IR-1 nfr abdrlvwesrntd el ekt romagnetického z&areni

UV-VIS - Ultrafialova-viditelnd oblaste | e kt r omagneti ckého zafreni
NIR-bl i zkd infracervenéd obl ast el ektromagneti ck
XRF-rentgenova fluorescenc¢ni analyza

vs - velmi silnd intenzita pasu (very strong)

s-silna intenzita pasid (strong)
m-stfedni intenzita pasd (medi um)
w-slabdi ntenzita paslt (weak)

sh - raménko pasu (shoulder)

br-Siroky pas (broad)



1. UVOD

Tato diplomova prace je zaméfa nay uwnt i t i Ra ma nvogveymod pe k ti r, o sckod
podobor aplikované mineralogie, ktery se zabyva drahymi kameny. Ko n kr ét néj i se pra
identifikaci drahych kamend a | ekaivailwychazimi t ac i
ze svého zajmu o femeslné uméni a zalibu v dr
Tematicky je prace z a mé ieenméai erahych kame n@ o mo ¢ i th iRamanovskycly ¢
spektrimsiievt rpir ost or ach muzePhénrnbsmsdipiekstar ajre hs
dobé stavaji nezbyt nymi pro studium muzejnich
V ramci umél e cakkferd helzedzénlé j ak éhopifeimi sdw v at do | abo

destrukt i v.n T akzoorék owhywlveectkS8é naiul ov el nmae b oc eminiél, i &
vel ké . htoé tpknedsou nluabior attekimehlod og p&t kby edbam posSko
mite thhktovy tecbasiuc kiyr ggihvVei ¥Sech téchto pfipat
spolehlivy pfenosny spaerksituzem@atdmea lkdae®ghi tp vd @
kvalitni spektra jako laboratorni spektrometry. Zda lze tohoto dosahnout neni dosud

j ednoznaztannéo pamé keé np FteedotDB.v & ni v

Didvodem vybéru tématu je pofi zedfiimyRiggkusnova s
vinovou délkou 532 nm a zelenou barvou laseru (VIS oblast). Spektrometr s touto vinovou
délkou méa podle vyrobce poskytovat ,| e p § i v ymsél T eatihkihye—péd paiiovnani bude
pout it druhy pfenosny RamanlGv spektrometr I n
dél kou 785 nm a C¢(MIRablesp.ou barvou | aseru

Pfedmétem pr azskni g @ rmeajasnét Soo ho mnot stnygh dat C
Ramanovych spekeékbdmepychl podminkadch a ndasl edné
PFf i p @pakd é p o vhoddost aneboomezenipout i ti spektrometru s v |
pro nékterou pmébéekmatobkluast i

Zamérem a cijle mvytét of epridcef ehl edného katal ogu
spektrometrd pro bétné poutivané soubhary dr a
obdobi 17. - 19. stoleti, s e z amé¥f eniDmtnaa sghrraonnddtydéna ze Stit)l
publikovianavod bor ném <&asopi se (O£t émredkt Hhev stbm Clslt i,
prace.

Zdrojem informaci jsou publikované vys] edky v
provedené v prosido&ch éPoaimske!laddravhaveci spektimk € L or
byla ziskdana k r o mé jziinteréetoxych stranek Societé Fragaise de Minéralogie et de
Cristallographie (wwwobs.univ-bpclermont.fr/sfmc/ramandb2/index.html). Metody p o u tvi t é

praci vychazeji z pfedem danych exper i meednd & znméifcehnnipost

analyzovéani a popis spekter pomoci softwaru
soufasného stavu mpbzhkhk§sni ndahéd qopisothil ibsutdreo j it ra
metodikapr 4c e . V zavérecné casti j ch epektera yhedtie dky a

ziskanych poznatkdi.



1. 1. Ramanova spektroskopie

1. 1. 1. Sir Chandrasekhara Venkata Raman

Tento slavny indicky fyzik se narodil 7. listopadu roku 1888. Jeho otec byl asistentem
matemati ky a fyziky a diky ménawkade mRakgm po
Raman pozdéj.i studoval na univerzité v Madr as
student fyziky. Po ukonc¢eni studii pracoval |
prace zabirala ,véddlinsevoknékhal Casdecké <&inn
vedoucim katedry fyziky na wuniverzité v KalKk
vyzkumného ustavu v Bangalore.

V roce 1928 ptf¥i vyzkumu rozptylu svedovaha obj e
Ramanovym efektem. Tento vznika pfi pridchodu
nebo pridhlednou tuhou | d&tkou a ve spektru t ak
ptvodniho svétl a, al e i ¢ar y dégek tzw Bamanovod e | S i c h
spektrum. Ramaniv efekt je vyznamny tim, te umot
jejicht spektra jsou komplikovanada a teétko an:
Nobelovu cenu za fyziku. Stejny objevseve st ej nou dobu podafil i L.
Lansbergovi, ktefi vsSak stejné jako Ramanlv s
Raman byl poctén velkym mnotstvim ¢estnych d
spol ecnosytichské&mo stavu byl povySen v roce 1
experimental nimi a teoretickymi studiemi v ob
rdznych prostfiedich, strukturu a viIVaRamanost i d
zemft el 21. listopadu roku 1970.

(http://www.nobelprize.org/nobel prizes/physics/laureates/1930/raman-bio.html)

1. 1. 2. Spektralni metody

Optické analytickt met ody se zabyvaji méfrenim jevil, ke |
el ektromagnetickym zafenim (vlIinénim). Mite do
absorpce, emi s e, f otol uminiscence, roanptyl, [

spektroskopické a nespektroskopickeé.

Spektroskopické metody zkoumaji interakce, pf¥F
nebo mol ekul ové drovni . Vysl edkem téchto int
intenzity méfené& wWeé&llici,nyvimadtvl nmwebo ener gi
spektrdadlnich metod doché&azi k vyméné energie

fluorescence.

Nespektroskopické metody zkoumaji interakce z
energie.Sempat fi napfiklad refraktometrie (méfeni i
optickou oté&c€¢ivost, tj. sto€eni roviny polari
Optické metody délime na mol ekblraéi aspéhbmpeg

fadime Ramanovu (UV-VIS) spektroskopii a IR spektroskopii. Do atomové spektroskopie
Ffadi me at omovou ab(AAB)y patomdvou emisrd kpekiroskepk OARS), i
pfipadné at omovou filAF®r escencé¢ni spektroskop
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http://www.nobelprize.org/nobel_prizes/physics/laureates/1930/raman-bio.html

1. 1. 3. Povaha vimhDny energie

Atomy a mol ekuly mohou méni't svuij energeticky
ur ¢ idiski¢mibhhodnot energie. V atomech pf¥fijimaji n
v mol ekul ach jsou elektronové ener poéhlading k é hl a
(obr. 1).

Ramanova spektroskopie spolu s infracervenou
vi bracni spektrometrie. Vi bracni spektrometr
viceatomovych mol ekul pevnyicmt erkalpail ngy cthr &iit i
délkami.

Obrazek : Ener geti cké hladiny v mol ek udbserpciafotokuy2a emisicdfotosu,3pf ec hody
- Rayleighovskym rozptylem, 4 - Ramanovskym rozptylem v anti-Stokesovské oblasti spektra, 5 - Ramanovskym
rozptylem v Stokesovské oblasti spektra (Otruba, 2010).

I nfradervené (I R) zafrenlOcmma oélniocseg va rtoizimeal |
oblast (13000-5000cm*)-Near | R, NI R, s 0+2e0cdm'j-MedRMmI®Rb| ast (

MIR, a daleka IR oblast (200 - 10 cm™) -F a r | R, FI R. I nfracervené z
energi i, aby pfFi i nterakci s molekulou ménil
nebo rotacni stav. ihnRosmakera wmamrpdakmt pjohy|
motno poutit pfi identifikaci | atek a urcovan

1. 1. 4. Molekulové vibrace

Pro zjednoduSeni pfedpokl adej me, te mol ekul a
PFechody | soumenzoit n¥i bproauCznei mi hl adi nami . Pokud
mol ekulu, je vibracé¢ni pohyb popisovan model en
vykonavéa vibracni pw.hyba sl gledr aatoaur fir etkevplnati y
99%) v zékladnimst avu v = 0. Dovolené pfecMradjsouu harm
fundament 4I(®Wi -p¥Flegchaodhyor ké pFfechody (vychazej
15 2). Mo d el har moni ckého oscil atoru je vsSak
dvouatomové molekuly, ktera se ve skutecnosti
této anharmonicity se ve spektru objevuji take tzv. svrchni tony (overtone). Jednéd se o0 pfF «
kde se v méni o vice net 1. (obr. 2)



Fundamental 1st overtone 2nd overtone

Obrézek2: PF echody mezi ener get i ciofekaly(Mide,20d3) nami u dvouat omov

Ur ¢eni vfirberkavCemniccih j e di ky t ét &vadomyhmadel emergiei c i t & k

har moni ckého oscilatoru je parabol a, kde mite
pri urci té energid.i dochazi k disociaci vazby.
kompl i kuji. Kromé natahovani a smrs3tovani dél
méni Uhel mezi vazbami

-
\d

O |~
“ [

Obrazek3:Vi brac¢ni hl adi (Mylde,20122 4vi sl osti na E

Absorpce el ektromagnetického z&afeni je diasl e
I ntenzita vibrace ve spektrupypzidvizsmé nnéa dzénheknyé
du/ dx. ZK®) zméné vibracéniho stavu moobkedlsul y doj
soucdasné zméni di pol ovy mo me,Ni S, uhNk (diafRant)rsje a k't i v n
V IR aktivni jsou: HCI, H,0, CO,, SO, NO,, anorganické soli, -NO,, _OH, karbonyl a

karboxyl derivaty aj.

Naopak Vv Ramanové spekhtrudocjedeprikg ezxmémé&spol ¢
i

mol ekuly béhem vibrace (da/dx # 0). Pol ari zc
mol ekul e. V Ramanové spektru tak pfisluSeji n
se symetrickym zejéracC8d, @Q,i mC FBASKS v§zeb, které maji v IR

malo intenzivni absorpci. V. I R spektru jsou i ntesnizlinvéenip ovli&rrmal
skupinam, kde nastane vétsi zména dipo6lového
plati pravidlo vzdjemnéh o vyl ouceni : vi brace aktivni v Ram

spektru a naopak.
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OH
Stretching vibration (sym.) Stretching vibration (asym.)  Planar rotation (rocking)
S CH
- Q‘X _;::::A_.;OJ ':‘;,'_,405
5 CH oS YCH C)\DJ Y CH .\
Scissoring Wagging (out of plane) Twisting (out of plane)7

Obrazek 4: Typy molekulovych vibraci. Valenéni vibrace (v): stretching(natah o v a n i / s qarnsétwnddicé n i

vazby) - symetrickd a asymetrickd, deformaéni rovinné (8): rocking (kyvadlovd - z mé m @hlu mezi skupinou

at omdisgoring= bendi ngz Mmavillkesz arotilehlymi vazbami), deforma¢ni mimorovinné (out

of plane) (y): wagging( véj iZmé&wi hl u mezi r ov i nteistinggkloutivii- n mé raa oma i h | u
mezi nékolika rovi (Mildgi2012J vou skupin atomi)

Urc¢it pocet norméalnich vibraci a jim odpovida
mol ekuly | ze v yoduohéhd wztahtt 3Np ® proonelifedrnj neokgkalu a 3N - 5

pro |linearni molekulu s N atomy. Katdy atom r
prostoru. Systém N atomd it dk amhd mIN vaAtz@amod vv ane
pohyb neni nezavisl y , nebot mol ekul a kKeppphybujpel ¢Rako
potfebujeme tFi soufadnice a dalsi t§{6Upro po
linearni molekuly je to 3N - 5 , protote rotace kolem 0s¥y mol ek

atomy, linedrni molekula — 4 fundamentélni vibrace, H,O - 3 atomy, nelinearni molekula — 3
fundamentalni vibrace)

1. 1.5. Podstata Ramanova jevu

Zékladem metody je neelasticky opticky rozptyl. Tato metoda je vhodna pro identifikaci latek

pri ur ¢ovéani jejich struktury a sloteni. Pou
amor fni materi aly, kovy, pol ovodi Ce, pol ymer
nevodnéladapéymn@&t ppofvirchanmial(ynzaepF . sorbenty, el
analyze biosystémi (od molekul at po organism
Ramandv rozptyl je zarivy dvoufotonovy pfecho
molekuly, jeji ¢nergie jsouE;aE;akt ery je vyvol an interakci s f
frekvenci 30> |E>-Eyj| /hkdehj e Pl anckova konstanta a ktery |j
rozptyl eného zRfliréni D) ddrekdedherné se jedna o s
budici ho zarfreni mol ekul ou, kdy mol ekula pfechéaz
sekundéarniho fotonu, za pfedpokladu zachovani
Qv =00 (G Q) D



Ramandv jev je motno popsat pomoci kvantové t
v klasickém pfibliteni, kde pro interagujici
indukovan dip6lovy moment p:

—= | ORI 2" o0 + g;'—ﬁmf cos 2' (1, tye) O + cos2' (o + tye) O @)

klegwj e frekvenceagiedivdibhra ¢A§efveltor iatdnaityeeltektriekého
pol e dopadagjisoiuho ni di¥erni s dieipodadzovatetnest molekdlye k ul y 8

(polarizibilita, tj. mira "obtitnosti", S nit
rovnice (2) vypl yva, te molekul ag-Raylt eij @h VAT
rozptyl ) a zarigniyg & Stokey a Ky+etng® eanmiiZStokeg, které se
souhrnné nazyvaji Ramanlv rozptyl

Z rovnice (2) je tedy zFfej mé, te pro vzni k R:

pohybu dochazelo ke zméné polarizovatelnosti,

T
0 @3)

Tato podminka je zakl adni m spgkivogkopidbord/im Ppujaivd id | jei

i nfr acCsgektroskopiee kde zakl adni podminkou je zména
pfisluSného vibrac¢niho pohybu. P o k spektru,jjee dany
principielné motné pozorovat dveé |linie symetr
ve Stokesscw&easoaertiobl asti . V fadé praktickyc
pouze v oblasti Stokesova rozptylu, s nutnosti odfiltrovat Ray | ei ghlGv rozptyl , j et
nékoli kanasobné vys§si net i ntenziakoh 2004t nych
Poloha téchto Ilinii né&ds informuje o druhu va
I ntenzita teéchto damtiriadie danénos luanék yn v &k omnz or |
byl o zjisSteéno, te jednotlivé Iliniejjso¢adonbar
souvislostsvl novou dél kou budi chiohtoo znéofneoncih.r offait iicrktéd
viditelné oblastis mo |l ek ul a mi vzorku dochazi ke zméné | e
(Gilbert, 2010)
Ea+hvo
—r T — e, —,— - —— — 2
AE anti-Stokes virtualni hladiny Stokes
it ok R larad S uha wlh et st 7'}'-&'“\
hvo hvo+ AE hvo hvo hvo hvo— AE
E;
AE Rayleigh .

Obrazek5:Schéma dvoufotoRrowvgth eXeichadidif emosu, fotonu



V. Ramanoveé spektrung edrwnhénmiodmi m&Asdam&megrpol a

vibracni 6UhO@p@bia mco v infracderveném spektru
dip6lového momentu (Dendisova a kol., 2014). Vz h| ed i n f rRandnevych spaktgrc h a
je tak silné mouleikwn én( bauynmet rkiriyst al u) a syme
pohybd. Pro molekuly s nizkou symetrii jsou i
spekter (samozf ej mePromolekuly g \dysokounsymatrii e iRamenovad t o u )
i nfraderekemrdim navzajem dopl Auji. Ramanova sp
identifikaci symetrickyc h  a f u n k ¢-684C¢ € = € 1548 vareb opsahujicich siru
(CS,-S-H) , jakot i v dal Si dhspkekpadeamehraPely sehhéama
1986).
Pro Ramanovu spektrometrii se poutivaji dva
transformaci (FT). Hlavni <¢asti s prelkztnméo nteytpgw) ,
vzorkovaci prostor ( krbprvekfingerferomes, detekton & opti ka, d
Disperzni Ramanova spektrometrie (obr.6) pouti va | aser, ktery prac
zareni (VI'S) s typickymi vIi novy mi dél kami 78
meé f e n i-VISsobldstM10 - 900 nm), jemnohem vy S$§38i intenzita rozpt
agmérnéd vlinové délce excitujiciho zafeni. Pr
kratkovl nné, nadm tak zajisti mnohem silnéjsi
anal yzu. Net @&douai mbgivéak tverhmp¥ isi mé@de fl uor esc
signal, pr i padné net ddouci fotochemické reakce. Ty
softwaru | aseru anebo z mén Chalmerslenab,\2@2). dakl ky pr
zafeni Rambhonowbhecpnept ¥t roste se zvySujicim
zareni, tj . se zvySujicim se vykonem | aseru.
vzor ku, jeho rozkl adu, pfip. jinych netadouc
Vykon laser u j e proto vitdy motné softwaroveé uprav
vzor ku, potadavkdm na rychlost anal yakgl, a na F
2014)
monochr?ménor
Typické experimentalni uspofadani Kl I| nz
Ramanova laserového "f"'l‘\\ L p
spektrometru I",III\\\\ /;’ g
_,p'.l_ G
IILB #".
detektor
L2

b
L1

vzorek

Obrazek6: Typi cké uspofadani Ramanova spektrometru

Dal §8i typy laser vyutivané |jako zdroje zater
pfipadné wultrafialoveé (UV). U jednoduchych sy
pevnol atkovy nebo diodovy. U v galeayoiigkecbsty sy st ém
pro nékolik |l aserl, umotnujicich pfizplGsobi't



Mi krospektrometrickeé méfeni, kdy je Ramanlv s
resp. vzorkovaci prostor je nahrazen optickym mikroskopem, se vyutivad pfedevs
analyzy povrchO v<¢et né(Dgndispvaakdl.,2819ekt r al ni ho ma

1. 1. 6. Ramanovo spektrum

Z rozptyleného zafeni je tieba nejprve odfilt
dojde ke ateavéobhfstm Ramanpokvahi po&ju¥il pgF ild
cm) okol o polohy excitac¢ni |linie Pexdiftiadmxicilt

Ramanova efektu ve VIS (pfFip. uv, NI Rm obl asH
spektrografem a p} mondhokindiovyvCCD detpktonenk. dako yopticky

materi al je v téchto obl astech Xendibo®,a kolJV, NI R
2014)

Vysl edky méfeni jsou zpracovavanws Alp keoéc i spe
nam naméfené hodnoty =zobrazi ve tvaru Ramano\
zavislost Ramanovskych posund (vlinoc¢td) na in
charakteristické spektrum. Intenzita je zavisla na nastavenipod mi nek méfeni a na

dané latky.

2. PREHLED DOSAVADNICH VYZKUMU

Ramanova spektroskopie se vs ou ¢ a s retavd jedoob 2 nej pouti vanéj Sich
metod pro identifikaci neznamych latek. Ddvodem t ét o obl i by je mnoho
které tato metoda nabizi. Lze zi skavat infor mace, anit bych
prasku, |l ze charakéakéi tocat abd b jdedbjeutyV rnkilomit i m 2
komplexd. Ur ¢ end il riyweéir § ednoznac¢né, | ze identifiko
biogenni nebo anorganické,p ¥ i r odni nebo syntetické pigmenty

Ke zmé&béniroké Skaly vzoarkupBGepiposutdivjald.né¥Xopr
vS§echny stejne, i §i s e pouze svou stavbou
Ramanovych spektrometrech podava&a Vandenabeel
pfepravitel né, mo b i | nfd,| apifdeankoos npéf, e prriratwiryt ed nréo «
j sou zde chéapany pfistalog ene jkstoeur én a vzret esnnya dnnao ¢
Z mista na misto, tzn., @@® pfepraveé je potifeba je vtitdy néj
zaji Stén opti mAojemmobimipkKostpioi ®*tj@j eobecnénim p
u nicht byl o vzato.Jej ipcoht ako nCsatsrtuék cef ejned Sethd b i
nevytaduje tadné Oapravy. Jako pfenosné Vanden
misto pfinesemappjétéhad wsabdéwu nebo batohu. R
mite oper ator udrtet jednou rukou a zaroven
nejnoveéjsi typ. pdliaftowve¢ G&kpek@&i pmeuur yariaci ru
PfenbpeaBi Ramanovy s pneokitnroosnie bvbyhuatpittei& ivt aj mi st e
zcela nemyslitelngch. Nepochybnou vyhodopuktier & d&meap fpefsiashturjo
kil ogkdyamaln,i pul ace pf¥i meérf eniMejzé pam&iitn v yreeordd/r
Ramanovaspektr o s kopi e j e, Vv lasérd, p &cdé& r s rechérdrikdye ingdi fbeyn i,
vzorku nedestruktivni a pizioped&poon ana takn F e ni m
mi ni mal né. Tyto vl ast nogtpidsabujfii,j atel ;& e
Ramanovy spektroskopie v Modgsloepdnait néobé prfregaoalb

8



Ramanovych s pe kt romet r 0 se d & oblast: Zodréd n zty igeolwgi@tali i vel

exobiologiea uméni @@ archeol ogi

Forenzmpisouédgdy, které se aplikuji pFi vySeti
Fizenich pfed st éatni mi organy. Jde o postupy
podobné. Souhrn téchto véd se nékldforensicskr acené
Ramanova spektroskopie je pro forenzni veédy v
organickeé prekurzory poutité pf¥Fi nezMBpnné vy

kdyta | ondynském | etidéniti Gakoevak asgéEn& dr uhi
poutity pfistroje DeltaNu a Renishaw RX210 (R
spektra se vyhodnocovala.pbabdtei ppeésodosunédpt abt
civilni s | ox &tyé p(oh acselcédmz gciedthdwdni porldag,i evybu
neznamych latek, Capoun a Mat &j k a, 2007; FBI spol u s

Spojenych statech Americkych, Mathews et al., 2006). Dokonce zde byl y snahy o
pfenosnryaxcjhll padfiistodhal ov,aatinmalepas ec &k @ongesah B Snigny
2008). Ve f ar maci i se Ramanovy spekt(Pasztone20l0;y pout
Schmitt et Popp, 2006) a pro boj s padél ky | é
Druha wegméménna obl ast, kde se vyutivaji pf e
geol ogi i a v exobiologii. T y 4a @oslefnicte desetden € n e b ¢
vyvinuyv pomérné pfifesné spektrometry, Kkteré umot
minerAl 0 a pevnych organickych | atek v témérfr i
disponovalyl asem v NI R obl asti s vlinovou dél kou 785
se na trh dostaly at v roce 2012 ajViandemaberi
mi neralnich féazi na vychozech (Jehli¢ka a kol
studia jejich inkluzi a prospekce nerostnyct

exobiologie se zaméfuje natisvatda uwme vezed kiur,u vy
spektroskopie se jevi jako vhodny kandidat p |
Edwards (2014) . K prtzkumu vyskytu tivota po
nutno pfedem vytipovat plokthyyonokt ér @ obéputiak)]j
Cinnosti organismli v geol engapcik.é:m kmaartoetre ndoiud y( tn
scytoneminu aj.) (Edwards et al., 2014; Vitek a kol., 2009). Vh o d ny mi se ukazuji n
bakterii, které se na Zemi vyskytuji v extrémnich podminkach — extremofilové, t . tivocCic
pfetivajici vaherkythrkgsatyohgslangch, c hpyicihpadné chl adnych
Strategite@chit ®tktitii€drolv &j & p otytoangansmyimo ht ga pliwet it

exttmn i ch mi moz e ms kycrha pgri kd tafdedniac hpovr chu Mar su
spektrometr spravné vyhodnot it sezdams klaranygh dat a,

mol ekul , zméfit jejich spektra a vytvafit at
zaslanéd mobilnim vyzkumnym zafizeni m. Ke zko
pomahaji bakteriim pfi fotosyntéze ndlitea naopa
etal., 2013)

Posl edni obl ast, ktera hojné vyutiva pfenosny
archeol ogi e. V uméni je Vyvoj nedestruktivnic
Setrnou analyzu vzorku vel mi t a dkeramikandrakér i t ér i e
kameny a jiné umélecké materialy je potfeba
budoucna je tato obl ast pro firmy wvyréaabeéejici

Snahou firem zabyvajicich se ojvkieryoutleonit maEgpekt r ol
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rozméry, bude kompaktni a cenoveé relativneéeé
bezchybna spektra v téméfF |jakémkoliv prostfe
omezeni . V poslednich <c¢cca 5 idovant e kohstrugvamé mot n o
miniaturni (rucé¢ni) Ramanovy spektr opnfed mgsnélryt
pfistroje a jejich hmotnost se pohybuje do 2
nej Casteéeji |l aserem o vinové délce 785 nm.
Identifi kace minerald pomoci Ramanovy spektro
problematickada méfepifeviatfavdchmawdemadddé a zel
dochédzi k jevu zvanému fluorescence . @featya hpr &
spekter v rlGznych podminkach pfi poutiti nits
drahych kamenO vhodnéj s§i a pfipadné otstranit
situ, t j v prostfifedi muzejnifciht sibdele&kny Cd d whnorpr &
ziskana jednak ze wvzorkO0 v mineralogickém m
mefeni m, ktera byla provedena v terénu v Pr af
vysl edky s e pak porovirhalkywcia dpahkolhalkymeii
umél eckém pFredmét u.

V této praci byly pro méfeni poutity dva pfer

od firmy DeltaNu s vinovou délkou laseru 785 nm (obr. 7) a First Guard od firmy Rigaku s
vinovou délkou 532 nm (obr. 8).

Obrézek 7: DeltaNu Inspector Raman Obrézek 8: R u € pektrongetr First Guard od firmy
Rigakuy e nyni na trhu d-ostupny ve t
532, 785 a 1064 nm (www.rigaku.com)

2. 1. Publikovaneé vysledky
V poslednich | etech je pout i tuméRaentaknyocvhy dséple k&

Casteéjsi. Je to zpUsobeno pifredevsim nékolika
disponuje na rozdil od jinych analytickych metod. Molekularni spektra vzorku mohou byt
ziskéadna z vel mi mal ych pl och, je tedy umotné
smési nékolika | atek, pfistro]j dokaumnesti zmér it
separace. Tato vliastnost je velice vyhodna
obrazech. Méfeni vzorku je nedestruktivni, pa

béhem anal yzy nespotfiebovava akouniktpde pokudjidy byt
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umotnéno vzolraetko ondeetbordaat . j e préadveée pro tyto v
zkoumani umél eckych dél pomoci jit zminénych

Apli kace pfenosnych Robeatinonvéysceh & e k o& ahatled r G d
hl avnich okruhi:

-analyzaobr azdukopi s
-analyza nadsténnych mal eb

-analyza keramiky, glazur, emailld a skl a
-chemické a fyzikalni UGpravy mineral

- analyzy inkluzi v mineralech

-ové@évani a ident.ifikace drahokami

2.1.1. Analyzao br azTukopi sT

VétsSina anorganickych pigmentd mite byt bétn
elektronové mikroskopie, ktera odhaluje prvkové sloteni |
pout it v pfipadé organickych bmajvi v slaot{pdmngimew
podobné-vSechny obsahuji Zkbuméani vpdgkhkeat &ypbméha

obrazu, pfri jeho dataci DODbrakdg pri vevdi mwvwdainian
v muzeu. Vel ka muzea disponuj i svym vliastnim | abo
odkdzana na externi pr aduwzreijknyi grpBehedhnyma
omezeni znesnadnujici mMeizé nihl @ivelontoleyataméti i prf i s

parametr y pr.,p atkkibedisou t epl ot a,,adpaooteeni vihdmrsit a c
jak jedna néavst éwa twétnSsipmoau ornveartie | moytcrha Ramanov
provadi tak, te se hlavi ce ,gakoitsotnruo jbey luwmivstgrf i
méfeni série uméleckych pifedmétld ve.Hed®t skych
pfistroje se uméiact uj € me Bywod lasdpjenizki.dMedl eni by v a
znesnadnéno povrchovou anmotuvdwnlkaku,a kteerv@&tma
vznikem fluorescéwael epStoméfotdinveda bez toh

U rukomopsmté jprovadét kombi novago§l) arpiektuint (iDejn

analytické techniky. K analyze tohoto rukopisu z 12. stol et byl o VYL
spektroskopie (in situ i |l aboratorni meéfeni), XRF,DallRBR a LU
rukopis zkoumany pfFenosnym kRekopia n% stohgtinfClapkieti st r o ¢
Weerd, 2004), kteryjevazan v klGti a na obalu je ozdoben 1
nadher ny mi il umi nacemi. V dnesdni dobé& je wulo
spektroskopi € byl o motné wurcit sl oteni barev a tak
dobu.

21.2. Anallza n8sthRDnnich maleb

Narozdil od jingchmalebjeu nast énnych maihsidy i get fneeld a zméf amai.
vzorkl zpravidla neni umotnén a jedinou mot n.
j sou objekty pfistupné ze zemé, j e méftreni re
pfistroje. K probl éminchickhrmbéz opeclobkapgplii &t ek
je jJitl epSoarnieba pf esné zjphnerdtkestt & pohybem samotedlson a d n € n ¢
operator a. PF i studiu nadsténnych maleb se pc
met od, nej Cast éjpiekt o oskwdHi RamaX®RFa asnal yza. Pr

meéff eni ch ihatel veadoh Mosta (Italie, Appolonia et al., 2009), maleb na klenbéach v
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Antverpské katedrale (Belgie, Deneckere et al., 2010) nebo analyza antickych egyptskych
ndsténnydahmomaleelpobl!l it Luxo2008. (Vandenabeel e et

2.1.3. Analyzakeramikg | azur , emai |l T a skl a

Ramanova spektroskopie je idedlni nNastroj pr
anal yzu s e nej Cast éj i p out VYyekanind skugina Iveglenaé |, mo d
Col ombanem Uspesné demonstrovala poutiti pfen

rdznych druhl ker ami ky byly nmwpz e jknian pmeads tcfeq csik,
(Colomban et al., 2004), keramika Iznik (Colomban et al., 2004) a Kitahya (Colomban et al.,

2006) a mi Sefnsky porcel an (Col ozndbea n sette Miel g nadkeo,
ndsténnych maleb, je vyhodné kromé pfenosnych
dopl Akovou analytickou metodjuak napimi kbgdtdopier
studia polychromovanés ochy z kost el a Santo SepolStede,o v Mi |

ktera dobfe ilustruje vyhody poutivani pfenos
barevnych sklech oken kaple Sainte-ChapellevP a ¥ i t i , ktera byla béhem
vatné posSkozena a béhem 19. stoleti obnovena
probi hat odpol edne, aby slunce nesvitilo pfFi
optickych vlaken a zpracovanidat podobné |jako pro anatK{Cau gl az
stfedovéké sklo a Na/Ca sklo z 19. stoleti.
Smalt je hmota podobnéda skl u i porcel d&nu a ¢Ca
témati kou. PP i kIl a deBasilejskéha peklado. yTen jerpe dbou kstranach F

zdoben nejen kameny ale i smaltovymi obrazky a nazyvase Ji ndfi chadv k¥t it . Po
stoleti a v dnesdni dobé se nachazi v Muzeu
nejcennéjS8ich kouskO tohoto pokl adunsitlki it j e
muzeu. VeétsSina kamenUelndpadtaad ail dSein tjiafki ok ofvoarnmay | kark:

je zdoben granaty, safiry a rubiny. (Reiche et al., 2004)

214 Chemick® a fyzi k8l n2 Yapravy miner 81 T

Aby mohl byt miner al povatovan za drahy kéamer
vlastnosti apokudse néj akym zplsobem opracuje, mu s i s e
barvu, lesk, tvar aj. Cim je kamen zajZmaveéjs

tohoto dlivodu |jlr o@drahzmay nd rzawhSdikeaoathly o v &4 n

ZuSl echtovanim rozumi me vyl epSeni optickych
pfedevsim pak zmEpuas dbly vyusINekhteavddni jsou v
ti hani a barveni), jiné jsou relativne® nové
|l aserem). V. dnesSni dobé veétsSina drahych kame
rutinnich Gaprav. VétSinou se jednd o0 zménu ne
prasklin a uzavienin.

Tepelnd Uprava kamenl ypakzoa@madai mi dr ahly csht ak ame

p
puvodni barvu zesvétl i tQbvzytkrhavijts orue btoe piel née I
v

nevratné a trvalé a vypalovéanim se zpravidla
zplUsobem uprNMej disctdaé upnavupelaonet yst , ktery se zaht¥
citrin. Brazil sky ametyst po zahft &ati =ziskava
praseolit, ktery se v pfrirodé bétné nevyskytuje. D
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amodrozel enych akvamar i ndpi ckktye rbéhodehdkahyghamyeéz a h i at |
(Mahler, 1999)

Dal §im zndmym andnegyukdmammé klamenem je tanze

medoveé tluty at hneédy nebo iiteplitdohud®t- 680 & semo dr vy .

medoveé tluté a hnédé tanzanity méni na modrof

intenzivné modrou barvu. Vypalenim tanwzanitu
i

zavisl ost na Ghl u pothflie druo zt daikl nnél t bea rveyvknaéz oovdast
modrofialova -pl aeiveonaoaziealuobda ousenych kameni,
pouze dichroismus-s yt & modr &4 a sveéetle fialova).

Dal Sim typem Upravy jreovim&rvesntiar oTuatnoet medtoaud a k
kamend poutiva jit nékolik swokaknehdt nepanliheé e
a poréznich. Aby barva vydrtel a, mu s i byt a
hloubky kamene. Vysledna barva kamene pak vz ej de po vypaleni nebo

chemicky aktivnicKIl dditeky m nmipifk| akdyesnre | jien. bar ve
kfemene (achaty a chalcedony) z néhot vznikaj

mohou barviti na povrchu. P¥f i k1l adem j e barveni tlutych di ama
vypadaly bél ej SnkouNeéevyhredosuyjte altk®hiol em ¢€i vo
vSak | ze smyt pouze Vv hor kjeg vrdud kyselinou. {Maller,a z v u k e |
1999)

Dal §i zplGsob zmény barvy kamene je motny, p ol
Ozafovani je relativné | evnou metodou zuSl ech
se ozafrené kamenlyo nrorhaonse ssay,sdanguerdréjamiradioaktivnino

zafeni a jsou zdravotné zavadné, pzdravotd t e i nt
i mity. Radiaci se vel mi Casto upravuj i nevy
(safirovée) modr é. Dal e se ta&utvar met(dailekd elmamei
1999)

Dal §i vadou, ktera snituje hodnotu drahého Kk:
timto probl émem si Sperkati umel i poradi't ut
zhorsSujicich vzhled kamene se py Tdaoiprecadury speci
byla provadéna hlavné u smaragdd a rubinl. Ne
l et) ol ej nebo vosk zacal vysychat a kamen 2zt
a na jeho povrchu tak nedochédzelo k dokonalémuodr azu svétl a aznduwa men by
naol ej ovat. V soucasnosti se k vyplnovani tr

drahych kamenech poutiva synteticka pryskyfic
nevysycha.

Posledni upravou je laser ové odvrt d&véani vad a necistot, k t
Vzni kly otvor v kameni je nasledné vyplnén h
blizky odstinu zuS8lechtovaného kamene a pouhy
2.1.5. Analyzy inkluz¥ mineralech

V pfedchozi kapitole jsem uvadéla, te pro S8pe
nebot snituji hodnotu kamene. Jiné obory ale
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i nformace. PFi kl adem m(012g ktety popisujé€ ihkkuze mezvykl@®&h ar ol a
tvard v komeréné velmi vywuyilitvianm@&m praaeanve u§p

K identifikaci inkluzi poutil Ramandv mikrosp
nm. Cilem vyzkuntuk ébysllootiemdi ti nkh amii a urcit |
Il nkluze mély koso€tverecny tvar a nacervenal o
inkluze | epe®0Ky pkktaryyse bétné nachazi v KkfF
Inkluze se nachédzely v rdznych hl oubkach pod povr

pohyboval o v T é&adu nékolika mikrometrO at p o
Ramanova spektra vykazovala hodnoty, které o
neobvykly krystal ovy tvar inkluzi. Na zakladé experi me
te inkluze se skl adaj i-FeO;)poljyekroys tneloibovkyé&h g H e
znac¢ném ovlivnéni dynamickymi por uc hirlshkd |, kter
matri ce. V tomto ¢l anku s e Ramanduiv mi krospe
relativné nenddkladny a neinvazivni nNastroj [
obl asti drahych kamendt.

2.1.60vhNSovg&n2 a identifikace drahokamT
Kromeér BEaf 0 oggldgempalti vad Ramainowpii spekt rpasdkcdp i

odbornikld jako jsou restaur atofri a konzervéat
muzei a pamatkovych UGstavl a nejen tyto jmenc
svych expozicich cenné umélecké pifedméty veéts
pfedméty byvaji bohaté zdobeny nejen nadhern
pol odrahokamy. Aby byl o motné vy<cCi sifikovat cenu
j aky mi kameny je dany pfedmét ozdoben. U néki
ktery se midteme opfiit a pfripadné ovérfit pravo
a je nutnad identifi kame&kol A kmEeijlweitee hey wt i y@qle
Ramanova spektroskopie, ktera poskytuje rychlou a pfFfesnc
pol odrahokami. U kamenO zelenych, modrych a ¢

analytické metody. J ak t omu byl oPfpilrbvédedké ftaklubhty Uniyv
(Petrova a kol., 2012) Post up byl lankp, ckierg azniki v z& spol uprace
pracovni ki fakulty a pfti identifikaci kamend
Defender od firmy Ahura s vinovou délkou 785 nm. Kov, ze Kkt erzBotoweno,jbyd t ezl o
identifikovan pomoci p ¥ e n 0 XRFéphfoi st roj e od firmy Amptek.

poloviny 20. stoleti z dilny zlatnika Tregler
(SiO,) - k T i y5 ametykty, citriny, chalcedony (karneolyamechov é achaty) a gr ana
almandin). K ur ¢eni typu grandtu byla poutita metod
Evaluation Met hod), ktera pracuje s prfedpokl a
granatu jsou line &r ni  kombi nadivl k oldoide oyneethdu, ¢ lketner & vyut i
interaktivniho pros t ¥ e d i programu Matl|l dbky mat er ¢ | &b amod
Ramanovych spekter mo | &r ni sl oteni daného granatu. Me t
(Bersanietal, 2009). CisloacDvyahnnd&d ejnd pysoianmidm,y gr an
spessartin, grosulara andr adi t . Matice pro vypocet se sk

dopl ni h odn op &g Bamamoa ispektraydeného granatu. Videdln i m pf7 i padé |
pisi Sest a chyba vypodktvaljie émispiekdir amg re@ mmog e ;
avSak ¢im ménétmameypasc je chyba urcdeni sl ot e
rezervou. Vysledkem matice je procentuélni zastoupenij ednot |l i vych ¢l end.
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Tezl o byl o méf¥ einstupm mooc il asbpecaitéolini ho nastavce
ktery umotnuje pfimy kontakt s méfenou obl ast
zejména sveétl o. Pro VvepsSprivinsywad k§ersreoy elSdték a
jednotlivych kamenl byla uspokojiva a vysledk
Zaznamy 0 tezl e. Jedinymi zmamehy,pokhbef é Ragm
spektromet r u, labusity(Mpistanl &zélenébarané ealcedony.

&
j
|

Pomoci Ramanovy spektroskopiej e mot né ur c¢it i plGvod kamendi.
na dvou poharech z Einsiedelns k ¢ ho opat st vi veet&2§l2).dedndseas ( Kar a
dva zlaté kalichy ze 17. stoleti, kt er é j sou dnes k vi dé&nildenme Svyc

z pohar 0 | e o02zdob eformamiudnetystyacitriga mmias ky miSi Per | a
Druhy je ozdoben diamanty. Vysledky z Ramanovy spektroskopie b y | v j e Spgoociov é ¥ e n-
rentgenové fluorescence. Podstatou prace by | o ov érf i t pdvod kamen( zd
protote v dobovém rukopisu byval ého stréatce
vSechny pochédzeji e Ooiesfak.n®¥bybomtmopnépddka

3. METODIKA PRACE

V souvislosti s experimenty uvedenymi ve druhé kapitole a provedenymi na umeél eckyct

pfedmétech vi me, te ke spravné identifikaci
di spozi ci dat abazi Ramanovskych spekter jedno
mi ner &l ech. Vzhl edem k apl pkaoudiptfenpakyliep
umot Auj i ur ¢it pol ohu a charakteristiky vyzn:
identifikovat mi ner al y. K Uspésné identifikac
(stit na toru, |l oret &owsky paklabdxi j sprapeti @t
dvou pfenosny eRigaks p RekaNu aovysledkyrpdk aplikovat u konkrétniho
pfedmétu. Tento postup | ze rozdélit do nékoli

n i Ramanovskych swyMirderalaickyctsshitldgh mi ner ¢

i) Proméfte
veédecké fakulty UK a vytvofeni zakl ad
i c

Prirodo

vyskytuj ich se v uméleckych pFfedmétech
i) Nasledujicim krokem je pak z méf en i Ramanovskych spekter
umél eckytlecpie®mé&ni pifredmét je ze sbirek Prat

sbirek Pratskeé Lorety.

3. 1. Zpisob reSeni

Tato préadce pifredstavuje dals8i etapu pro rychl ¢
umél eckych pfedmétech. neSdoshlagakgm pifandesspevhdr
spektrometrld musely byt na neidentifikovat el
analytické metody, které vytadovaly odbér ma
mi krovzorky a cel eksenteknidiv av isdei tteelnnté pzopsiksoozbe na,n a
pamat karva, restaur ator u i konzervator 0. Pro
nedestruktivnich metod vyzkumu. Naprosto dost
spektrometr. Pokud setedy prokat e, te ni tsi vIinova dél ka omezi

‘I(
f
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nam nové motnost.i anal yzovat dosud sporné mat

aj.) Dil¢i etapou v této praci qiresity ppl meanoaeae
vwchozech jednotlivych mineraltd. Jednda se zde |
zareni na vzor ekz&¥Ffmuvzkeyj,n it -Asrtoovekieyic, @ dti ezrdéfne ni ) .

jednotlivych dilcich <¢Casti | ze r o zkbaktriiho t do
souboru dat j e naméfeni zna¢ného mnotstvi m
podminkach.

1. Fdze-sestaveni sad jednotlivych charakteristic
Mi neral ogi ckého muzea Piieodovémééeké fakulhyF
spekter na | aboratornim Ramanové spektrometru
2. Faze - opétovné proméfeni nachystanych sad, t

spektrometry (785/532 nm).

3. Féze - porovnani ziskanych dat a vw hodnoceni motnost. apli kace

Ramanovskych spektrometrd na konkr étnich umél

4. EXPERIMENTALNI CAST
4. 1. Pouzité pristroje

4. 1. 1. DeltaNu Inspector Raman

Data naméfena v terénu byl a ppekirdmetrg.Obatygyv € ma pi
spektrometrl jsou v souctasné dobé nejpoutivar
Prvnim z nich je DeltaNu Inspector Raman.

v

Tento pFfenosny spektrometr vati 1,9 kg a je v
785 nm s maximalnim vystupnim vykonem 120 mW a termoelektricky chlazenym CCD
detektorem. Spektrometr poskytuje spektra ve vinovém rozmezi 200 - 2000 cm™ se spektralnim

rozli denimSpéeke¢ mometr je ovladan dalkové prFe:
notebook u . Pomoci ovlI 4daciho programu Vv notebook
nastaveni pro méfeni, vcéetné podrobnéjsiho vy
mértreni akumul ace. Spektra se z &xkrasméimtavaj i e

pi i stroj em méfF {(1bkamulacatrvala 2 sekundypu | a c i

4. 1. 2. First Guard Rigaku

Dal Sim pfenosnym spektrometrem je First Guard
je vybaven diodovym laserem o vinové délce 532 nm a termoelektricky chlazenym CCD

detektor em. Maxi méal ni vystupni vykon | aseru
rozsifené spekl0dcntad opdlatstd! R2i0M r ozl iP¥Fdrsitm og
je dodavéadn se zabudovanym opeylkdwoum clysa 2 oneknu
jako u pfedchoziho pfistroje i zde je Siroka
timto pfistrojem méfila na 1 akumulaci po dob

PFi dr uhém mméefbeyn i tve wlharoeptibiogn riogd ma&f eaméf en é
hodnoty |jsou f achbjvadk poslumuegikédbamd&n e rmwanavacic
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pozdéj §Si. ISpleikhmracamvedena ve vysledkové Casti

tabulce ¢€. 4 uvéadeéeji opravené hodnoty.
V8echna méfeni pfenosnymi spektrometry byl a ¢
| 4t ky. Namérf ena spektra z pfenosnych spektr

exportovana do formatu Galactic.SPC. Spektra byla upravena pomoci programu GRAMS AL
(verze 8.0, Thermo Electron Corp., Waltham, MA, USA), ze kterého byly ziskany (daje o
intenzitdich Ramanovych linii. Spektra nebyla podrobena jakékoli manipulaci s daty.

4. 2. Metodika méreni

MéfFeni Ramanovym spektrometrem ycitherdieditmallkrii
t 4dna. Pri mérfeni terénni mi spektrometry e
standar du, ktery ma pfedem definovany vlInoc€e:
pout il di amant a benzonidvirdllcev ndlagt pir 0 miééd
pfenosnych spektrometrd probih&d namifenim ne
vzor ku, zakrytim hlavice i vzorku <cernou | 4t
zafeni, umél é osveérueni atd.) a spusSténim | as
K dosateni wuspokojivych vysledk( je nutné reg
na nitsich intenzitach a postupné zvySovat. P
intenzity zvySovat [ dobu méhkhenigeivag SPBEd € epo Cak |
akumul aci, tim je spektrum kvalitnéjsi a Cite
pfipadé fluorescence to neplati). Pokud je i
spektrometr zmeér i spkwadrir nvz eprelkd.uk Na @At émse |
mi kroskopickych rozmér 0, tedy pouhym okem nev
pfedmétu neni fatalni.

4.2.1.Popis zkoumanycha me n T
Nite je uveden stru¥aly ¢r ahol@momdaSnel dd ajtkeaojaintam v

Diamantj e nejtvrdS8i znédmy pfirodni mi ner al . Jedi
krychl ové s o dGajeohusiotajet3Bg/ario st | e

Sl ovo di amant @Adamak & ziot z ZnBpareriketni’ ®iamant je jeden z

nejtvrdsich minerald a patfi mezi nejvzacneéj s
uhl i k. Nej Castéji se vyskytujleort v rtamdd Vvad ,n én eprpl
ballas € i ve formé nepr avi deilsntyénhy czhr ngirtayfciht eang rae gja
tzv. karbonddo Tyt o t ¥ typy diamantd se hojné vyu
brusivo na vrtné hlavice a tvofFi 2/ 3 cel kové
di amantd méa klenotnia klolue rkovtadiiatuv.i Dji saanua ngpry G Iplr
mohou byt obarveny rlznymi pfi mésmi do odstin
byl znédm jit v davnych dobéach, v I ndii | ej p C
nebyl pfil ieS soeamd®d&mympr etecthni kami byl praktick
zasazoval v pfirodnim stavu jako zajimavy dr
di amanty barevné upravuji vystavenim intenziyv
azlenta na trhu se objevuji dal §i barvy. Nej vz
orantovéa, fialova, zelena a Cervena barva.
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Akvamarinpat i dherylsRuemingk é s | ot e nAl(Salg)y tardostje i nu | e
7,58, hustota je 2,632,90 gtm3. Akvamarinj e modr ozel en&a at bl edé&mo

pfipominajici barvu mofF s kaquav voday marfne drhaifde )t. a k é
Akvamarin je po smaragdu druhy nejznéadméj i b
Zabarveni byvarwé&tdi heuzpdsonom&EmFedFi {i¢8emychal
akvamarini, vhodné vybrous$Senych, se jit davn
rdznych néabotenskych schranek, aby jejich ob:
prvni C¢ocCkyswkd&tes.t asnsakkhamarinld byly jit okolo
co¢ky do bryli, jejicht n&dzev UOGzce souvisi se

Barva berylu se pohybuje od bezbarvych (gosheniy , tl utych aheliodorelktg not | ut
beryl ), cth,utnadrlozmel enych at bl edé& moadroid,c h ( ak
j emné f ibazdltw)v,y chas(né zel enych (nergany agd)Ceavemp®d
(bixbit).

Granaty jsou podvojné or t osi | i kadaty rdzného sl oteni podl e
zastupuji a vytvareji tzv. peweréstozt okgel & ak
PFirodni granaty jsou vtdy izomorfni smési kr
Granaty se pojmenovavaji p o d | minerglogiiezaamd 15 i c i k
krajnich ¢lenl0 fFady, bétné se poutiva 6 z ni.
andradit a wuvarovit. Vzhl edem k misivosti me z
dvou skupin. Pyrop, almandin a spessartinsenavz aj em dobft e npyraldpitya pat ¥
Grosul &r, andradit a uwgandityyi t tvofi druhou sk

Tvrdost gr anat 657%5chustptopakymbzii34d,506m&,z ibarva se méni

jednotlivych odr Gd. Granaty jsou ze vSech dr e
se nevyskytuji. Nazev pro grgaannam-zrwmozni kI pravd
Pyrop MgzAlx(SiOy);- znadméj §i spiSe podt ozMac enyipm c & @ s k Y
cervenou barvu a to hlavné diky pfimési chrom

se mohou navzajem nahrazovat a granat tak ma

Cistého pyropu po fialdovéocanvewéucervéooe. CE

mnotstvim chromu méni barvu podle sméru dopad
Almandin Fe;Alx(SiOy);-j e nej bétnéjsi druh granédtu. Jeho
mite mit rdOdGtovy, fialovgenbboubhégdpnkoaddeahokaAa
pfilis§ kfehky a vybrousSené hrany se odlamujii
Al mandin v sobé& mite obsahovat jehl i c¢ky ruti
fenomén hveézdy. (Bonewitz, 2013)

Spessartin Mn;Alx(SiOy); — Ci sty spessartin je vel mi vzacny
pohybuje mezi spessartinem a al mandi nem, cot
barvu. Spessartin mite byt i svétle tluty, tm
Grosular Ca;Alx(SiO);-j e obvykl e angreStové zeleny, ale n
rdtovy, orantovy, C¢cerveny, C¢ernyhetonit tVé&t Find&Ru
grosul &r 0 je neprdhlednda neboij enakpor CGoszvdiotbnnidé ak
Grosul &ar je roz8ifeny, ale malokdy m& drahoka
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Andradit CasFe,(SiOs);-t ent o typ granédtu ma podle | iSici s
vari et &pasobt ftilkuat ozel ené nebo s madémapgtdidajpetd zel en:

nejcenné&j i varieta t ohot melagitrZelendbarvaandraditeje n é mu a
zplUsobena pifitomnost: chromu a tluta at cern
bar ev, kromé <cerné, jsou pozoruhodné drahokai
vétsSi net u diamantu. (Bonewitz, 2013)

Uvarovit CasCry(SiOs);-j € ze vS8ech drahokamovych granatid

zpravidla tvofi dv &n éamcatliéstreany b rao ujSseonui . pfUvar ov
bar vu, kt er ou—mrpiesko,b ufteercthrowl i viuj e i zel eno
2013)

Lasturyj sou vytvorem nékterych mékkysia, ktefi si
j sou tJvdiftdanyanem vapenatym (kalcit a aragoni-t
vrstev uhlic¢itanu vapenatého a z tenké organi
vistva se sklada z radialnich hranoloir méal cit
zkfFitenych | amel a tfeti vrstva je homogenni
vzni ka jako r eakpele nVvee kK\kry&j Szia Emeed ncéitzyi obj ekt

pl 4asté ektoder mem. Ve vzni k| édturuw &iki perlasve vyl ud
|l astufre se obvykle vytvafri jedna nebo vice pe
struktufe |l astury, takte je stejné jako ona t
Barva perel je (éenaéopeotyg)lovpisgedé&zacneé se
a tmavohnédé at po bétné se vysKk g4 bustotagei rdat o

24267gtm’. (Kropéacek, 1999)

Kordlj e oznaceni pro nékteré mofsike@&a)t.ahkorckl Oz
mofich a ocednech mnoho druht, ale jen malo z
koral d byly objeveny jit v neolitu a v Egypté
oznacovéana sstromefkveai kneéf «kmd omel mi dr obnymi
(s pfrimési oxidl teleza, uhlic¢itanu hofecénat é
maj i koraly rdtové a syteé Ceakabaraé bl eedlEmimodz &c

syt & mo dakoé. Tvkdosrkérdluye 3-4, hustota je 2,6-2,77gtm®. ( Kr opacek, 1909

Kalcit je chemicky CaCO; mé tvrdost3 a hustotu2,7gkent, krystaluje v soust

Cisty kalcit je bezbarvy a pridhledny, veétsinag
nebo inkluzi zbarven bil e, Sedé, tlut é, hneéd:
Kalcit vytvafi mnoho plGvabnych krystald, ale
masi vu jako vapenec, mr amor Imtedocelriavtevyyaé¢ m. bIN
sochafské prace nebo jako dekorativni ké&men.

Aragonit je chemicky stejny jako kalcit (CaCOj3), ale tvrdost ma 3,5-4 a hustotu3 gicn.

Krystaluje v soustavé rombické. AcahgomMilt esdyy
bezbarvy, bily, vinové tluty, zeleny, rltovy,
byt prdhledny at nepridhledny. Aragonit j e v
drahokamové krystaly, které jeen Wy okystbuijrik yna |
vel kymi obtitemi. To samé ale neplati pro péas
horkych pramena. Bl oky travertinu se brousi

(Bonewitz, 2013)
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Ki'emenné hmoty — SiO,. tvrdos t k F e ihgehoehustptaeje 2,65 g/cnt a krystaluje v
trigonalni soustavéeé. Kfemen je vSeslovanskeé
chérma tj . kfemen, me z i n-akvascdvenikl zenzapadeslovangkéha  k F e me
kwardya znamena to tvrdy.

Kiemenj e v pfifirodé nejrozSifenéjsSim mineral em.
ve Ctyfech zaklrgdniadm viamymakhisovy, viIiaknity a

Me z i krystal ové odr Gdy fkofveemehnneé dpda tziaih nééidray, kffii
tluty citrin. Me z i drahokamové odr lOavanturkhus ov éh
a zeleny prasem VI aknité kfemeny jsou prorostlice Kk
vliaknitych miner &lokkaamovdeachowynma i eadbari sem
edozelené kocCi CcCi oko a modroSedé sokoli oko
upinu rdzné zRharpwelrhylcehd nggccrhidv Siedhkych vrstvi
zoruhodnérevtiadandist bna, vytvarfejicich =zaji
al cedaerachatt | iearyveny k achrysapad @t fzied emiym r Gznob
out kd chalcedonu, kfemene a karneolu vznika
r v e tkavnedlohyda h n & davdoriyd Pékud jsou achaty prorostlé dendrity, pak

ni kaji tzv. mechové achaty. Do této skupi:
alcedonu, kfemene a nékdy i opalu v rldznych

O < T O T 0 ux
OON O - T O X

Chalcedont vopiivodé obvykle prdsvitné vrstvy s |e
gel 0 kyseliny kifemic¢ité v dutindch nejen vul |
Kal chidon {(Kdre3dnipokddit l stanbul u. Rizné zba
Sperkadisksbératel ska j ména. Karneol cameeusC er ven
-masovy. V PodkrkonosSi se dodnes nékterym kat
c hal cedoplaamasaeditifd kGGer vekay®j em@&dy d oschalcedoiul & s mé

a opalu. Nejvice cennou Vv achryaopraso u( kKerhoap acceedko,n ul 9

D

Achat |
r dz
v

z mineralogického hlediska odrtGdou cha
zbarveny a r0zné pr OkkkopitujnhérdutidyeAchate h  p ¥ i r
aj i postupnym vysratenim kyseliny kfem
barevné vrstvy. V pfipadé, te je dutina
, mohou se uvrihtnfédni amett wait @it Ckr kati SItyal
f téchto geod se rovnét vel mi Casto nact
y se nej Castéji nachazeji v dutinach m
z ny c h herninkclk Achaty fsdu lrdstvia znamé vic jak sedm tisic let. Ve starém

se barevné achaty poutivaly k vyrobé oz
konale vyutilo k ryti-gelmagtirlopacpkst d@roPp

N

O "> — NS
o xoco XS TS
Oocc ~ ~ o

_‘
o X M«

w o > C <
D DO O < D Co

Jaspisj e smés kiemene, op&dlu a chalcedonu Vv nejr
na srateni geld z horkych roztok(. yaNhapev | e |
barevny. Jaspis obsahuje vel ké mnot batviv i neci
Ci hloveé ¢Cerveny at hnédocerveny jaspis obsahu
nebo Sedé zbarveni, goethit dodava kameni hn €
nastroje i pro ozdobu jit wndiglké vk krheemmé .ni Bad

(umélecké ryti minerdall) a jako |l eSténé kusy.

Kristalj e nej Ci st 8i formou kfemene. Jméystalosmi ner al
cot znamena v pifrekladu |l ed. tB2akimdgvastiejéedt
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Znam :
¢i k ul

St al
amul

nat ol i k,
nastrojd

te nemlte
(hroty

byl

rozt
& et U

Ametystjenachovy,
odr 0dy FRato&krm&snrea fi al

jeho radioaktivnim o0Z4ar®wd m, mgrid phantéalpFpgrmewsd :é
ametistosne opily. Je to odkmeed rmrcaghirdichriwpi § ®st ént Ar
obl ibenym kamenameh¢o esdédsvsbaavepvekgbolila ve stf¥
ol t &4f e, mesSni roucha, obrazy, pph4rfy | a amen gtstt
prsten k odznakdm biskupa.

fialovy nekegpd&teiivemeti ahepykr daen
ovd barva ametystu je zpl

Zihnédaj e koufové hnédéd at Cernohnéda madni et a ki
Barva za4hnéd je nejspise vyvol d&na uvolnénim n
silném r adi oiaGpdtriym nypatenimona 850-400°C se velmi tmavé zbarveni
vytraci Teplem se dokonce midte zménit na mno
2013)
Skloj e anorganicka amorfni | atka vznikla taveni
zchlazeny bez krystalizace. Skel ny stav vznika plynulym pfech
stavu pevného, prFi ochl azovani skl a dochéazi
hodnotu, te se materi al navenek jhtekpostiida ko pev
struktura skla pravidelné, symetrické a perio
del 8i vzdal enadzkui9. j ak je vidét na
O Q o o) Q

OO“O O.O'O O'é) OO‘OO

%% _d°% g° ot .'5 o .9 2

o’oqQ O.O'Q O« O 4 an o) Q CDm ().

o« »O« - Q (B O E‘J o C O;p

o o fh o . bod Q9 Q4 O 0%,

»O4 » O« O 0 »q ¥ (}(4.) O

0 Q 0 Qq ol L OHR0 R0 o0pPo

O« » O« »O O¥ 0 0%4 o 3° A2 Q¢ ©

O. O Q O E) (‘5 QO 4 >0 (".(V‘r a*Q )

OO.O O‘O.O »O 3O O’O o d <1‘ \*(.\x 3 (,‘ ‘.‘

°% . 8°% g° of o0 ?6 AP 98,0

.o.o O.O.O (2 P (f) E) o O.Q {'.’;.O'é';O“ %

Og O« %O 00y OO« O Qp Pas

06 Qo0 A 9 5 0 o*2. &%

3% J ol 9‘%0*0 08¢

Oz)o 06 s (o) D No
a b

Obrazek9:a) krystali,ckl) kkeenmin@ dSii @Ok Sd&mio¢i téd skl o (HI avact

4. 3. Aplikace na umélecké predméty

4.3.1. Gitnatoru

Prvnim z mé f e ny m upniéd dencBkyyerms t Fralorun yz SPtriatt ského Ti d
muzea (obr. 10).

Stit naoTlééastjesouborTraandmbndavivt biekKbadu zak
zékladnim dokumentem v judaismu. Jednd se o pergamenovy svitek, d o kt er é ho j e r uc¢ |
pfitbiedhovskébod satavodaniposWétfai Sovu smrt pifed v
zasl i bene. Cel é uootPa knihdchp M aajvieing (9. vGywesik sSERodus

Leviticus, Numeri a Deuteronomium).Ct eni z Tory je soucdéasti tidoy
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tydenni oddil ze svitku Toéry. Teéchto oddil G |

svatcich. Pokud Téra nenipouta, vgre avkbots&kd i ni na vychodni S
opaafreénnymi druhy vyzdoby.atRixed | mli ont epr@isre mj ea
ochrannym textilnim plastikem, obvykl e bohat ¢
nasazeny ozdobné kovové nastavce nebo koruna, a
Pl @48ti k, koruna, ukazovatko a Stit seeryntiek chr
Tidé prokazuj.i svitku Toéry dctu

Vzni k téchto ozdebpmakt ivék g i aterbérurvyzknoinkklr ék \n@l i
potfebékamiatlmIsyt,i kterad se objeviCtbatpjesnbeéedn

o

kapitolvpr Gbéhu roku podl éhda pfesnym pravidldm, a

zdlouhavemup f evi jeni svitku na urc¢ené misto textu.
poSkozeni nebo opotfebeni drahocenného svitk
tidovskych komunit vliastnila vice svitgld Tory
bylo motno okamtitéPlpouiniit Shdz pnedvigoedoibu |
desti ¢ky zavésSené na fetizku na pfFfedni stran
doby se §tit zacal zdobit a doSpopliedé zecdd
opatfoval se rlznymi ornamenty, nabyval rdzny
S vyménny mi desti €kami Zsk onuamainesgye Sjtselbdinrokt i i viyd dv
muzeavPrazeanese i nvent ar ni Podlé redatovanéhioMitdika6 @ 1 h®9 2 api s u

byl kdysiidywPna$ @pgziuo] pravdeépodobn &Rokganechmod! i t e
odkud pak byl za Vvalky pfevezen do-1¥%»Ndej Siho

rozdil od vemkéejCrdist s biSndd Odnevzni klPolskn a cesk
pravdépopdomhné pwbowvi p8i 190 ¢emt kromé vyrobni
i konografie a odl i Sny zplUsob Zzpracovani . St
neumobhujfdi casové a mistni zafazeni

Stit je vyroben ze stiibra nezjgil&tenan@ékyros
vyzdoby jsou | ity. YygSkbouB8ocmme(bevéledi ka
zavrsSen nizkym trojitym obl oukem. Po stranéach
stfedni Casti j e umi agne&na dv@&éraa sltetoimyi, hoprjoevle
Vprostoru pod télem jelena je usazena schrank
pfivéSeny dedi kaéni néapisové Stitky. Pl ocha 8§
skl enéngthsCmkamenli rtdobnychmhupg@askd o(obroucdky
ovoce na stromech), cast j e umisténa volné |

pfipevnéna pod stfedovou korunkou, ebyil avypurta vtdi
j e 2F djr m Kamdnynzdobici § t i jtowekkystalické, amorfni, organické i anorganické

povahy. Na zakladeé jejich umisténi na Stitu b
zelené, svétle modré a sveélt)lkamenylit oot kalmeinyk @
(1524), centralni neprlGsvitna mugle tva@ici br

kameny na koruné na&dB)pr &weymesiloou@eamo@¢ 27 kamen
jelena (34, 35, 46, 47),ak@Mméhnh, utnésvémy ka&men
(36), skupina malych kamenO kolem a na- schrar
44), kameny na koru#d&8)nad mae ymranswyehk@m&ny
symbolizujici jablka (54-58).
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Obrazek10: Stit na Téru (popis j®dnotlivych kamend

4. 3. 2. Loretansky poklad

Pratska Loreta je barokni stavba z roku 162
Cerninskému pal aci . Loreta je poutni misto s
ktera je kopii nazaretskeého " svatiéhad sdkoénrk uné.s t
Loretu a je uctivana jako misto, v némt dosSl o
Podle | egendy je Santa Casa domek, ktery dfi
Krista odeSla s Josefem do Betl|l émaysmgicPadéj i S
smrti Panny Marie byl domek hojné navstévovan
béhem vpadu arabskych muslimd byl domek t émé
udal osti se stal zadazrak a domek adwlkéhac hmésn aéa
Zakl adem tohoto zazraku je fakt, te domek byl

okol nostii se 0o tento pFfesun nejvice zaslouti
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zaklad | egendé o pfenddeariskd®&dhmk wzamdeélpya.k Radli

jinych zemich. Zakl adni ké&dmen Svaté chysSe v P
pozdeéj.i pak byla vysvécena.

Kaple v Pratské Loreté je podle italshwého vz
poutniho mista. Stoj i volné v prostoru néadvc
kapl emi . O Loretu od jejiho zal oteni pecuj i

(Www.loreta.cz)

Pratskéda Loreta je dale pr osl ukydokladyjeyumkithior et 4 n.
historickou sbirkou vytvarenou kontinudlné o
vystaveéeni Santa Casy se v kapl:i zac¢aly shrom
vénované poutniky a pfizmeivvadinaParenySi Mar ideél L d
pokl adu je z 2. pol oviny 17. a 18. stoleti. N
Jsou zde vSak i noveéjsi dila z 19. stoleti a
spojovana s patronatnimrodem Lobkowi czd. Pratska Loreta ve
Kkl enotnici vystavuj e <cast Loretéanského pokl ac
skryta, avSak katdoroc¢né se pofadaji sezdénni
restaurovanid osud nevystavend umélecka dil a.

V. pridbéhu 1| et byly <cennosti Loretéadnského pok
val eCnym kontri buci m. Od néekterych hrozeb by
vyjimecnosti, ale takacdinkly ®&morhaittred mws ej ¢ dn areiv
valku s Turky v roce 1705. Také v obdobi napoleonskych valek byla z Loretanského pokladu

nékoli krat odevzdadna fFfada pfredmétld z drahych
Tyto konfiskace znamenaly pro k| enot ni c i vidy vel kou ztratu,

dochovalo pfes 300 kusO cennych deél umél ecké
poklad je v ramci nasi republi ky srovnateln
pfredmétd zstlovwejtyg Pppgiedkovou UGroven wumél eckéh
nevycCislitelné ceny. Nejznédméj §i a zaroven ne
tét jako Pratské slunce, ktera je zhotovena

Frantrn &ké&nkhy Kol owr atové. Tato monstrance byl
dilnach zlatnika Johanna B. Khiinischbauera a klenotnika Mathiase Stagnera v letech 1696-99.

Dal 8im cennym kouskem je doméci olté&afrik z ebe
Narozeni Pané z dilny =zl atni ka25Ab rKarhoamméa rLozt nt
nabotenského nadobi (svicny, kalichy, talitVfe,
i mnoho Sperk@ a textilii s nadbotenskou témat

Soubor predm&atkk@hp pokéwadu zméfenych v r amci 1
dosud nevystavenych nové restaurovanych dél,
roce. Pifehled pfedngal?h jPeo pviisd é&ta nean (o kzr § zekdun oct .|
shrnutv. t abul ce ¢. 4.
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Obréazek 11: Lor et

ans k

kveétinov ypi8 79!4 fdmeés egM-04K,5iptieikv € § e k s (PEIONG-g O & kelgemowém
pouz(®Z¥®,7-st F i n @-106)j 8d pala r&a kakch (P-090), 9 - zrcatko (P-280), 10 - n & u § (IN4082)e
11-z avi@E234),(2-zav é ( A233), 18 ynaramek (P-205), 14 - lunula z monstrance (P-174)

~<\

plo-knl dauds, (Pi207)e 2 €<nadsu S ni c e ($-189,r3a feldites m
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Obrazek 12:Lor et dansk y (1565 kalih(ﬁ’-167),ﬂs-pr§teﬁ E\Nt084), 17-mi st i ¢ k a(P-181),/l8as pi s u
- filigranovy k ¥ i ¢P-40B), 19 - stolni ozdoba (P-084), 20 - flakon (P-136), 21 - filigranova lampa - holubice (P-
036),22—-27-korunky pr o s @22 kP066R%&-Pi092, 24M &-078, &5 - P-079, 26 - N-092, 27 - P-

091)
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5. VYSLEDKY

Pfrehl ed aax ei dveSretcihf isk udodanvgbkkhbamaezéazj $ou pfre
tabulce ¢ i s.IPd e | enli fai Kalee kamend z Loretanského p
CigdPdehled referencé¢niido2. mi neral d je v tabulce

5. 1. Stit na Téru

5.1.1. Sklo

Kameny na 8§t ild)u bryd yt rod | foRraamanovych spekter
t Fi nancetnk | emuj i ci e€lhl,oklr3aja Slt4i)t,u bezbalrvé kam
zelené kameny umisteéné na krabicce pro vyméni
kadmen mezi parohy Il eticiho jelena (Cvo 45) I
spektrum kfemi ¢itého skla ma'agdhcmt. akt eri stické

Naméifena spektra (obr. 14) pro skla nelze v
protote misto jednotlivych charakt erpasslo i ckych
je u pfrenosnych pifistrojli pomérné bétné. | pf¥

charakteristicky péas na pozici~600cm?s t ej né& j ako z d-@mjpoeitic§97Qma s v a zt
1030 cm™.

Vv
dv

i stém oxidu kil migpadiéanddagadsti dakt,tgevbzikdeesd ri k u
ma atomdm kifemiku a katdy atom kifemiku je
atomim KNmbhtakenim nékterych atomi k¥Fau)ku kat
napfikl ad al doakbvi akidigkyah zenkingobry1l3))d oj de k depol ymer a
pfer useniO awaikubnpvyclts iontovych vazeb mezi atomy kysliku a kationty.
Ramandv signal kedy ¢ mio&ietgdhd ek lzavppeMii™Mh médil
kationty s pft ekr wignalyrilczinnyic hmtetiagepk({CoSonbey, 2008)

T O M O«

Obrazek13: Tetraedrickéa struktura kfemi ¢itého sodnovapenat ého
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Obrazekl4:Ramanova spektra (a) modrych sklenénych i mi

Skupinav &telseda i modn( £c5hlBKaani8)mia dbri P bylazpocat ku

vzhl edem ke stejnéatakblamnet, s tuvmi sitmintiacii Fpeozwat ov
zasklooPF ekvapeni vsSak poskytlempied.pok2)e,dakdit esrvygt d
jediny z této skupinyj ako skut ecNaghradkahldk esthjoasné videét ro
amorfnimi sklenénymi imitacemi z hkrkemeiend i t ého
—urc¢enym podle poloh diagtpbBdis&yphegpsk| §ddakto
umi st é mjendhodnéap i i t zWpwlbemyl né pew@nowamn miaaskl

Beryl je ¢lenem skupiny cvykISOs Kristalbvéstrukturas Kk r u h c
beryl u j e tvorfFesagoailnimigpmntend,tkd temy¥emij stou sl oteny z
SiO,, Prstence jsou do prost orn aokisedrnnoAl® wbr.nl§). pf es

ZjednoduSené je tedytkopehal sedtsErekRbhyymia pes
které alternuji podélosycs dvanéacti ¢l enny mi prstencigsasest av:
Sesti o0kst(Reaaal G986A1 O

Tato slotitéada stavba berylu se Radmapivéi smaktc
Jednotlivé pasy odpovidaj i n'épstbneodtvirace), 52n vi br a
cm™ (prstencové vibrace), 682 cm® ( pr st encov é val e n®p1009cm’br ace
(val ené¢ni vi®)rieseo” (viaazlben Bivdzby i+ ® nelm Be — O), 1242

cm*(vi brace vnitifniho prstence). (Bersani et a

V Ramanovych spektrech akvamarinu (obr. 14)na méf engnd he mel e v pagy:é829 t yt o
cm™ (prstencové vibrace), 401 cm™ (prstencové vibrace), 688 cm™ (pr st encové val enén
vazby Be —0),1008cm™ (v al ené&ni v i-O), 00t0em'waazlbeyn Eii  vi br ace

— 0) a 1148 cm™ (shoulder), které jsou charakt € haropdatalc ké pr c
1996)
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Si0; BeO, AP*

Obrazek 15: Struktura berylu (Hochleitner, 2002)

5. 1. 2. KSemenn® hmoty

Fialové kameny ( € . 1, ®br. 40), Které zdobi centrdlni korunua schr d&nku na vy
de s t(i &. knyadi ihtpnzivni pas na pozici 468 cm™, ktery ukazuje na symetrickouv al en & n &
def or vazb€3i-0-Sia dopl fuj i c i’ (OSEGd enfao r Imim6ietraddnové
vazby).(Kingma et Hemley, 1994) Jedna se tedy o kameny, které mohou byt popsany jako
ametysty ( o dSpektrdjsoura dbeizikuelt e ) .

Ametysty nejsou na tomto Stitu jediné formy KF
svétla rdtice (¢€. 25), wviditelnada na obrazku
granéaty (¢. 26 a, b, ¢, d) a byitkaformasdxadnt i f i ko
kfemi Cij) élso pSiimési k f e magahitu t(néednavy aghdi)l Ramaovaf u
spektroskopie je vhodny néastroj pro identifik
Si0,) jak vidime na obrazku 16. Na uvedenych spektrech vidime pas na 217 cm®
pravdépodobné& odp o-mogaditaajsiing pas ns pozics 468 chkf ldeng gen
charakteristicky -pSio, kvaeldeemonfGma&zmia \Biibr ace) .
(shoulder) kolem hodnoty 500 cm™*p F edst avuj & yhlvaav rein ¢ma&d e f or ma ¢
pro moganit. Tato ovalna rlGtice s klenutymi s
pravdépodobné broti nebo sponou a na Stit byl
jit aktivné poutivvamot DakdumiCefroemamika®heOdy (¢
bl izkosti hlavy |l eticiho jelena (obr. -17), k t
kfemen s pfimési moganitu. Diky své barveée by
Spektra jsou na obrézku 16.
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Relativni intenzita
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1R800 1600 1400 1200 1000 R0
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0 400 2010

Vinocet [em™]

Obrézekl6:Ramanova spektra kfemennych hmot naméfenych in si
chalcedon s mechovym achatem (moganit), (b) karneol a moganit, (c) ametyst

Obrazekl7:Det ai | Stitu na

té6ru s ovalnou rozetou

5. 1. 3. Perly

Dal §i mi kameny v (pbifsalda Jd,dQ) 2dibicichrety? ngocentralniy
korunce i na dvou meyn S iCcahs tkeofrnuén kvailddiRarmaeal/an €s | noau px
spektra bilych perel ukazuji pasy na pozicich 217cm™( mi i t k ovy nv66ccm™ ir et & ani )

uhli ¢itanového i ont u, bétné t vor i dubl et , \Y;
schopnos tvidimppouzegelenq 1), a n e jpiars t1@psFamt (symedricky i
val enénim uhli ¢i.t alnyjotvée hpoziomd upastd jsou char

Pdvod perel v «zkéuman Remanavo spektrum je na bbrazkialB. e

30



s \ My
é o N/,r""’\" V W'L"'wmﬂ L\,\\
5 el f
E s A
= e W
& i ’ \
| )I
/ " “'V\\
b
Lo
1800 |:1|1<1 H‘N H’u: mr\xl w‘m n‘rw A:wh 2010
Vinoget [em™']
Obrazek18: Ramanova spektra (a) koralu (kalcitya(b)per 'y (aragonit) naméfenych in s

excitaci 785 nm

5. 1. 4. Granaty

VSech §egt. -20a8a2e24 Gor. 10) na spodku centralni koruny ukazaly podobné
Ramanovské pasy: zdvojeny pas na hodnotach 350 a 377 cm™ (librace vazby SiO,), mén é
intenzivni pasy na pozicich 506 a 560 cm™(d e f o r méd&vaelly O-Si-O) a silny pas
nachézejici se nah o d n9altcd™ (v a | emdd vazy Si-0). Na =z ak| atd & cppdosblo hy

(Ganetsos et al.,, 2013) byl o v Sech Seensot jkaaknoe ngir aunract vy , konkr
(FesAl(SiOy)s.

Zastoupeni koncovych ¢lend v granat@ict- byl o
RAman-Garnet-Evaluation-Method), kterou navrhl Bersani a kol. (2009). Tato metoda je
zalotend&d na posunpasblseh Rméhmoovsdhlteni gr art
pfedpokl adem, te vybrané Ramanovy vlinocCty odrg
granédtech jsou |linearni kombinaci koncovych ¢
i nterakti vnobghmou Matlbo(sma terdiix plrabor at ory), di ky |
Ramanovych spekter mol d&rni sl oteni daného gr e
skupiny granatu - pyrop, almandin, spessartin, grosulira andr adi t . Matice pro

z Siesteéerval G, do kterych pséeg Bdnmamva spéktrahlanéton ot y n &
granatu. Aby tato metoda dobfe fungoval a, je nejpl

spravné odecCist polohy charakter i mdiodawekmic h pas
pfesnada a odchyl ka se pohybuje v Ffadu jednote
odchylkas amozfej mé roste a metoda neni schopnéa pr
jsouv granatu pfitomny (viz Tab. 1) .

Pfiblitnétgl dfDenr2238gbr. 0b& | o vy p o ¢-80% almandjnyask o 8 0
odchylkou do 10 cm™ Malé grandty k ol em brote pod stfedovou ko
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Mi ragem 5 urceny jako smés al mandinu a pyropu
2cm®.  Cer v e nnékorkneemennayd pr avy m s)l,o ufpeernv g miy. k3dlmean 3L

téla Il eticiho jelena (C¢C. 36) , Cer viemnhy 4&JA)mea
cervene kameny na korunésoOonadl zleevwdre chinyu pdeenf
al mandi ny. Hodnoty spoctené z Miragem 5 ukaz

spesartinu v p o ®®6512 s odchylkou 5 cm™. Viz tabulka &islo 1. Spektra vybranych
granatld ukaznoujle obr azek

s
S
5
=
E |,
B
B
o4
k .
" L
Al
YA
1800 ]({llll ]Ax’l‘n‘l '.111‘1) ||:|KI ﬂ:)u x‘«"u. Jv‘:-l) 2011
Vinoget [em™|
Obrézekl9:Ramanova spektra grandtu naméfenéd in situ pfistro]j
na téle jelena, (b) malé al mandiny kolem ov
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Tabulka 1: Procentualnis | ot en i

Cislo/vzorek pasl

1/18
2/19
3/20
4/22
5/23
6/24
7/26a
8/26b
9/26¢
10/26d
11/31
12/33
13/36
14/41
15/48
16/49
17/50

pas 2 péas 3 pés 4 péas 5 péas 6
210-245 340-368 369-380 515-560 800-870  870-927
225 350 378 560 868 921
221 350 374 560 868 921
233 350 378 561 871 920
X 350 377 560 X 920
X 350 377 559 879 920
245 350 378 557 861 920
X 351 X 559 868 921
X 350 X 553 686 920
X 353 373 559 686 921
228 358 X 560 686 920
X 362 X 559 861 920
213 366 X 560 861 920
X 350 374 559 861 920
X 365 X 560 861 920
242 365 X 561 862 921
240 366 X 560 862 921
X 367 X 560 X 921

Odchylka

[em™]

9,83
6,35
9,06
1,27
12,11
16,97
165,56
165,54
1,87
151,31
165,73
151,40
4,69
165,82
151,75
151,72
186,55

vybranych S5ggraaratiy poa | £t iMi U agae mrTor u

% zastoupeni jednotlivych sloZek

ALM

78,9
79,9
83,9
55,9
87,8
46,3
100
100
53,8
100
100
100
39,4
100
100
100
61,2

PYR

<1
8,48
<1
<1
<1
<1
<1
<1
44,6
<1
<1
<1
9,14
<1
<1
<1
38,8

SPE

<1
<1
<1
36,6
<1
<1
<1
<1
<1
<1
<1
<1
51,5
<1
<1
<1
<1

AND

11,2
4,19
5,49
2,81
12,2
33,1
<1
<1
1,55
<1
<1
<1
<1
<1
<1
<1
<1

GRO

9,86
7,41
10,6
4,75
<1
20,6
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
<1
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5. 1.5. Korali

Posl edni skupi nou (ok.dnjon & e 1z d @ ki dadiotectkdrdny rac

pravym ( € .-3 ®)9 i | €58) ylampeni admalé kbudky koralu na stromech imitujici ovoce

( €54 - 58), které vykazovaly nésledujici pasy: 290cm™ ( | i b r a ¢ M4 cmhi@wdnhy

def ormédnkar bon aawrazgym pas na WL cndi' {symetricky v a Iméch & n i
karbonatovych iokaligit kt eBowvwnpoivi d@mpiijeenych |
znazorneéno.na20obr dzku

Relativni intenzita

c

1800 1600 1400 1200 1000 800 600 400 200

Vinocet [em™)

Obrazek 20: Ramanova speka) ai rkormsaltDelta Wuf § leseravau j eecitaci 785 nm,

(b) ref er e@otkum rubrprevk tlraubnor at or ni ch podminkadch pfistrojem
nm, (c) r e f eComlliutnmubrumevp el katbrournat or ni ch podmi nkachitacpf¥ i stroj
532 nm

Vzhl edem k <¢ervené barveé k oaidentifikaci kbrgjobyeh z a mé ¥
pi gment 0, protote Ramanuv s puenkottriiounjeet rz iss kval vnactv
rezonanc¢n iviodnou zegnéna proeideritifikaci pi g meensk Gpi ny kar oteno
dal §ichTypojyeunlpravé charakteristické pro riz
Jehli ¢ka et al ., 2014) .

v
a

Signdlypol yenO a lzk#skaoptfeinogault i t i e ciptidoiaydd aord 5 0 (

koncent r ac (Merin, 1985)ghfeintmiéf eni pfistrojem s vino
sl absi pi gnfezndteo v B e sppd snyé n a rezonandmiépasg b ochimi n k
kar bonat u, zejména u kordald s méné intenzivni

pozadiyl d emmterbé rozeznat | e.dnhitdmé&reé chwa aikr teen
pfi 150ddmgowida valené¢ni mu vi-6=Ca§nailtlB8cmmédu dv
(val enc¢ni Vi bracni -Gd(y]) ednmddiuecrhé& wazlkyonan
(spektromet r s vIinovou dél kou &E32emm) hymwbbouyumbpgol yp
mol ekul am, kt er é obsah u4juhilik s feénédachymikebondaopyonb n € v a z
vazbami. Jejich zakHEHFRGC)N-Rhemneskpod&éeébDtdmod) nec
R' znaC i koncoké |akemizanya té&chto Ramanovych pasi
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spektra z kalcitové matrice. Nedavné studie ukéazaly (Bergamonti et al., 2013, Karampelas et al.,

2009, te rUzné bzapdvsyo bkeonryalrlo zidsiolunou smési nemet
karotenoidl vpihilkhit®Kéhaojpddiélndi sein@kmgloulk i vach
dekonvoluce komplexnich Ramanovych pGass. Opt i
Lorentzovy kiniiekynwaznacit podil(@bodl Rinychmkdaekt ep

Zde byly vysledkem optimalizované dekonvolucet ¥ i p & sy mexinhlblé.&) B30.aani
Ve

1542. 9, cot Znamena, t e veroaxd & ppd thtabhmé nz mé
pouze jeden karotenoid. (Osterrothova et al., 2014)
I a
o ———
| S
| 'I\,// \
/N' \
S
e
§ af_x_ ST ||| 2
_'.-_{ :_jj__v_w_,'\_,, < N L r—\_,\,_.ﬂ___w,_»" \ BRI el ___/) l'\_/
8
ij
1800 1600 1400 1200 1000 800 600 400 200

Vinoéet [em™]

Obréazek 21: Ramanov a

spektra

¢ e r im sito € Ibsayovok exaitail 786 nnt, (b) upréené ( a)

spektrum a, (c) in situ s laserovou excitaci 532, (d) upravené spektrum c. Dva pasy, v; ha ~1520 cm™ a v, na

~1130cm®, ukazuj i
ramecku v

pravém dolnim

na nemet hyl ov anwz mpéofl eyreénhyo

rohu.
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Tabulka2: P ehrledder enédnich miner al
mineral odrida barva lokalita Ramaniiv posun (cm™) vinova délka a sila pozn.
beryl akvamarin modra 323, 325, 400vs, 689vs, 1008, 1014, 1070, 1072, 1240 514.5 nm, 600 mwW (Griffiths et  Nassau,
BesAlLSigO1g 1980)
smaragd zelend 325, 400, 526, 686vs, 1008, 1068vs, 1234 514.5 nm, 600 mwW
heliodor t | ut & Brazilie 325, 400, 530, 687vs, 1008, 1014vs, 1070, 1073, 1242 514.5 nm, 600 mW
morganit rdtov 325, 400, 689vs, 962, 1011, 1014, 1073, 1075vs 514.5 nm, 600 mW
bixbit cerve 280, 325, 398, 400, 444, 526, 684vs, 919, 1009, 1070vs, 1148, 514.5 nm, 600 mW
1175, 1234vs
goshenit bezbarvy  Brazilie 77,79, 122, 136, 159, 178, 235, 248, 269, 295, 304, 324, 401, 488 nm, 400 mW
419, 445, 454, 488, 496, 536, 539, 575,616, 686vs, 751, 911,
1006, 1010, 1066, 1068, 1108, 1123, 1142, 1201,
3596vs,3606vs
chryzoberyl tlut a 348, 369, 458, 477, 517vs, 547, 638vs, 711, 779, 821, 937vs 514.5 nm, 800 mW
BeA|204
diamant C bezbarvy 1332vs 514.5 nm, 200 mwW
korund Al,O4 safir modra
leukosafir bezbarvy 380, 418vs, 428, 644vs 514.5 nm, 800 mW pfirodni
380vs, 416vs, 432m 577, 645, 751 514.5 nm, 600 mW Synteticky ( Kad I ¢ i
kol., 2001)
rubin cerve
topaz AlL,SiO4(F, bila Thomas- 155, 164, 239vs, 267vs, 285vs, 317, 331, 358, 374, 402, 456, 488 nm, 400 mW
OH), Range,USA 480, 491, 519, 546, 561, 643, 854, 927, 934, 983, 1008, 1164,
3639, 3648vs
sk.gr anat { grosular tlut a 181, 245, 276, 373, 415, 548, 824, 879vs 514.5 nm, 600 mwW
CagAlx(SiOs)s  zelena Kefia 180, 232, 243, 275, 328, 372vs, 415, 510, 545, 585, 625, 639, 514.5 nm, 200 MW
824, 875vs, 1004vs
orant 180, 245, 275, 373vs, 547, 824, 879vs 514.5 nm, 200 mW hessonit
Tanzanie, Merelani 374, 551, 1155, 1348, 1396, 1521, 1576, 1601vs, 1790, 2064, 780 nm, 50 mW M Raman, tsavorit
Hills _ 2250 (Ganetsos et al., 2013)
severni R 182, 243, 280, 374, 548, 820, 875, 1158, 1344, 1399, 1518, 780 nm, 50 mW M R a m@anetsos et al.,

Jakut sko,

1576, 1601vs, 1796, 2061,2247
177, 240, 267, 369vs, 537, 624, 820, 878, 992
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kfemen

rodochrozit
MnC03

andradit

almandin

chalcedon

ametyst

kifistal

Mexico, Santa
Eulalia

Atlas Mts.

Tyroly, Rakousko

Turecko
Turecko
bila
fialova Brazilie
bezbarvy
Cervejitni Afr

173, 236, 270, 365vs, 537, 620, 768, 824, 875, 984
161, 357vs, 443, 510, 745, 812, 866, 980

354s, 504, 557, 912vs, 1037

351s, 508, 555, 638, 744, 917vs, 1039, 1177, 1263

338s, 494, 549, 910vs, 1035

129, 205, 211, 222, 263, 431, 463vs, 502vs, 504vs, 696, 797,
842, 1162

129, 208vs, 263, 356, 400, 466vs, 680, 800, 1070, 1152, 1230

128vs,207vs, 265, 356, 394, 402, 465vs, 511, 696, 808, 1084,
1161
184, 289, 718.5, 1064.5, 1085.5vs, 1414.5, 1725.5

785 nm,120 mW
780 nm, 50 mW
785 nm,120 mwW
785 nm,120 mW

780 nm, 50 mW
514.5 nm, 400 mW

514.5 nm, 400 mW
488 nm, 800 mW

514.5 nm, 300 mW

PFf enos nyRaman
(Ganetsos et al., 2013)

M R a m@anetsos et al.,
2013)

Pfenosny
(Ganetsos et al., 2013)
PFfenosny
(Ganetsos et al., 2013)
pRaman
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Tabulka 3: Souhrn studoarnytclhsadiiMadkawfksmiu vyznadeny pasgpdnoty shodné referencni
¢ . | Barva Ramanovské pasy DeltaNu 785 nm Ramanovskeé pasy - literatura Identifikace

1 tluta 400, 1091, 1354vs 490, 600vs(Lyon) sklo

2 tluta 1360vs

3 bl edé mod 598, 1371vs

4 bl edé& mod 598, 1361vs

5 zelena 1090, 1372vs

6 rdtova 440, 967, 1028, 1361vs

7 zelena 400, 598, 970, 1043

8 tlut a 1031, 1360vs

9 zelena 595, 1040

10 bl edé& mod 600, 1365vs

11 rdtova 440, 1050, 1370vs

12 tyrkysova 329, 401, 688vs, 1008, 1070vs 323, 325, 400vs, 689vs, 1008, 1014, 1070vs, 1072, 1240(Clermont) akvamarin (beryl)

13 bl edé&mod 1370vs 490, 600vs (Lyon) sklo

14 tlut a 594, 1360vs

15 fialova 216, 361, 401, 468vs, 699, 812, 1163 128, 206, 264, 354, 390, 450, 464vs, 697, 796, 808, 1069, 1162 (Lyon) ametyst (kF
16 bila 217, 706, 1088vs 155, 180, 209vs, 217, 275, 702, 706, 1084vs (Lyon) perla (aragonit)

17 fialova 216, 468vs 128, 206, 264, 354, 390, 450, 464vs, 697, 796, 808, 1069, 1162 (Lyon) ametyst (kF
18 purpurova 225, 350, 378, 503, 560, 868, 921vs, 1044 351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.) granat (almandin)

19 purpurova 221, 350, 374, 505, 560, 868, 921vs, 1043

20 purpurova 350, 378, 561, 872, 921vs

21 bila 213, 705, 1088vs 155, 180, 209vs, 217, 275, 702, 706, 1084vs (Lyon) perla (aragonit)

22 purpurova 350, 378, 506, 560, 597, 879, 921vs, 1039 351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.) granat (almandin)

23 purpurova 350, 378, 560, 597, 879, 921vs, 1163, 1278

24 purpurova 351, 378, 921vs

25 zelena 217, 468vs, 512 116, 129, 205, 262, 463, 502, 842 (Clermont) chalcedon-mechovec

26a | purpurova 351, 506, 560, 869, 921vs, 1047 351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.) granat (almandin)

26b | purpurova 350, 921vs

26c | purpurova 354, 374, 560, 869, 921vs

26d | purpurova 358, 507, 560, 868, 921vs

27 X X X vypadly kdmen

28 bila 217, 706, 1088vs 155, 180, 209vs, 217, 275, 702, 706, 1084vs (Lyon) perla (aragonit)

29 cervenoo 289 7141091vs, 1128 283.5,714.2,1087.4 (Kupka a kol.) cerveny kor
30 cervenoo 286, 1091vs

31 purpurova 362, 560, 861, 921vs 351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.) granat (almandin)

32 X X X vypadly kdmen
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33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56

58

purpurova

cervena
cervena

purpurova
bezbarva
zelena
zelena
bezbarva
purpurova
bezbarva
zelena
fialova
tlut a
purpurova
cerve
purpurova
purpurova
purpurové

O O O O O OC O O
D D®Dd®D®D®DdDCDMD
T T T T e B B |
<K <K <K<K<K<KKLK K<
D D®Dd®D®D®CDCDMD

5 3 33353355
O O0OO0OO0O0O0OO0O0o

OO0OO0OO0OO0OO0O0Oo

366, 560, 646, 861, 921vs
464vs, 509

468vs, 507

350, 374, 560, 921vs

1360vs

598, 980, 1044

595, 1044

1360vs

366, 561, 595, 643, 861, 921vs
1360vs

1037, 1365vs

213, 266, 358, 467vs, 811, 1083
1358vs

217, 468vs, 510

221, 468vs, 510

366, 561, 597, 647, 862, 921vs, 1040
366, 560, 595, 647, 862, 921vs
370, 560, 921vs, 990

1090vs

290, 1091vs
290, 1091vs
290, 716, 1090vs
1088vs

1091vs

290, 714, 1090vs
1091vs

351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.)
129, 205, 262, 463, 502, 842, 1161 (Clermont)

351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.)
490, 600vs (Lyon)

351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.)
490, 600vs (Lyon)

128, 206, 264, 354, 390, 450, 464vs, 697, 796, 808, 1069, 1162 (Lyon)
490, 600vs (Lyon)

129, 205, 262, 463, 502, 842, 1161 (Clermont)

351vs, 508, 555, 638, 744, 917vs, 1039, 1177, 1263 (Ganetsos a kol.)

1)177, 240, 267, 369vs, 537, 624, 820, 878, 992 (Ganetsos a kol.)

2) 178, 238, 246, 278, 369, 374vs, 416, 478, 509, 526, 549, 629, 826, 881vs, 1007

(Lyon)
283, 714, 1087 (Kupka a kol.)

granat (almandin)
karneol (chalcedon)

granat (almandin)
sklo

granat (almandin)
sklo

ametyst( k ¥ e me n)
sklo

karneol (chalcedon)
granat (almandin)

granat (almandin)

cerveny kor
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5. 2. Loretansky poklad

V Loreté byl 08T%eké&eParn @pnigefdeméa 0. Jednalo se ja
tak i n&ekamheamsklké&.dnotlivych pirpdmétpiahidenéi §
v tabul.dkévpifdlpmad4 této sady klenotld se pomoci
ve Vveét §i nlatkglitni Raraadova spekfras Pomoci naméfenych hodn
minerdly nebo skla identifikovéany v ellkynmnd rychl
kterymi jsem se setkala,j sou popsany konkr ét né Sohledgeremhnot | i v
dilci techni kg k glriolkbrl &omipr wiei sptoy sppreo meé Ff cemui h é € ast
mérfreni Loretédnského pokladu uvedeny obrdadzky s

po

cca5cm®. Spravnéa hodnota je vtdy uvedena v textu

Nésledujici pfF ehl ed a popi s dokumentuj e jednot !l iv
identifikaci, dokl| ada pritomnost mi ner al a neé
Zpfehledu vyplyvaji dilc¢i aspekty a technickée
Provét i pirechjl eadinostjednotl i vych pomiod Gyv &deémy
jsoushrnutyvt abul ce ¢. 4.

5.2.1. Sklo

Ve v38ech tfech pfipadech se, stejneé jako na
naméfit kvalitpiispeajifeazaPimnoeepeou schopny
oskluu Ni cméné v né&kolika pfFipadech 7 sosut egm&t jail

zdvojené pasy vazby Si-O na pozicich 970 a 1030 cm™. Obrazky 22, 23 a 24.

Jako sklenéndeinmitfakeviypylyy kameny v naml eduj i
22,P-2 07 ) , obri23, N-@& XK a ppuzdro na zrcatko (obr. 24, P-280).

P-207

DeltaNu

Rigaku

Relativni intenzita

T T
1800 1600 1400 1200 1000 KO0 0 400 200

Vinocet [em™]

Obrazek22: Ndu § As lcleen & n M&if minti a dlkalibrovanhl Kalibmaee ex-post - 5cm™,
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Par nausdnicbyh bpttohekhup@lze 8 sklenénymi vybr
i mitovat di a mabtay pnieibsot rlofj ie$ tdéol k.(908 d HGOicmMa mor f n i
méfFeni pomoci excitace 785 smpidbktd&dalpB0ot omn

Podobnd&d situace nas(hra2ldak de dibrylhyé hloa nppegfreyd ma&p dit [
jako skl o. I zde -mfo§ ewhei /& tobdratse fi a kot0yO, kter e
Ramanovskych pasO a identiftkasikaménggt zavadeéjici pfti

N- 041

DeltaNu

Rigaku

Relativni intenzita

s et A AN A A e

T T
1800 1600 1400 1200 1000 00 0 400 200

Vinocet [em™]

Obrazek23: P¥ | v-&sskelke n & n Mé&i¥f mint adel t aNu nekgosi-femovana. Kalib

Posl edni pfFfedmét, s kameny identifikovanymi |
zrcadtko (obr. 24) . Pouzdro je zdobené opét z
nachadzi sedm smaltovanych obrazkthi spesgésskou
nebo tmavé fialovych kamend. Pdvodni odhad

Ramanovo spektrum al e ukadzal o, t e s e nej edn
neobsahoval o charakteri st i ¢ kamenphylygigentifikovany k f e me n
jako sklo diky pasdm? oblasti 600, 970 a 103
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P-280

DeltaNu

Rigaku

Relativni intenzita

o, SANA PaA
A ..-‘v\/v" ”-‘,";\’* Wl w\\’-\"\v\‘.sdw\’ \
\s

T
1800 1600 1400 1200 1000 ®O0 00 400 200

Vinocet [em™]
Obrazek 24: Pouzdro na zrcatko — imitace ametystu. M& ¥ eni Del t aNu nek gosi-bemovana. Kal

5. 2. 2. KS$3nenn® hmoty

Z Lorety jsme ziskali spektrapronasleduj i ci var i et y akihanegtjaspisa ki St a
karneol.

Na obrazku25j e zobrazena zvl astni stolni ozdoba vy
vel mi méal o opracovana. Na v Pasnbudbrikawezuddthemmac héa z i
ndruci. Ve spektrech jsou opét dob¥fe. zFetelné

Podobného zaméfeni (obr.@6),i jlthiojt dlédwvoy jpeo hvdyrf ez an
ki emenferavdépodobné bygbl pphéchRanVj RBampinovyoh s

nejsilnéjsi ph4s na pozici 466 cm

DaldSvia pf endanséitvyni zavésy (obr . o2p78t nkarjadis nvée vsivdy

pas na pozici465cm*a o néco méné sil Ay TPprasv & ah mpdy ci 4V
zahnéda, svetly z®Obaés | ak

identifikovan |jako
zavésymjiso@&né v mosazném pouzdru s FTetizky na

Poslednim pfedmetem s prdadhlednou varietou kfe
i

ametystem ( o b r . 28) . Amet yst e roubeny 15 prdahle
identifikovany jako sklo. Ve spektru ametystu
em'vi dét i zdvojeny péas artefaktu kolem hodnot
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P-084
— DeltaNu
. Rigaku
g
2
2
£
£
=
23
-4
e N
1800 l()(I)O 14'00 12:)0 loloo u;u a;o 4('m 200
Vinocet [em™]
Obrazek 25: Stolniozdoba. MéF eni Del t aNu nekegost-frmov ana. Kal i br ac
P-167
— DeltaNu
e Rk
B
=
2
g
Z
=
23
4
1800 IG(I)O HIOO I2:)0 IOIOO &;D 6(;0 Ml)l‘l 200
Vinoéet [cm™]
Obrézek 26:K¥ i §t 4l ovy kalich. M&feni -mei5tmeNu nekalibrov:

43



P-233 (a), P-234 (b, ¢)
DeltaNu
Rigaku
B
5]
3
2
E
B
= c
o
-3 S N Yo% 8
ERIis A
: e
a
T T T T T T T
1800 1600 1400 1200 1000 800 @0 400 200
Vinoget [em™]
Obrazek27:0zdobné zavésy. Mé&fFeni Delppsabtm® nekal i brovana
N-084
DeltaNu
Rigaku

Relativni intenzita

T T T T T T T
1800 1600 1400 1200 1000 K00 00 400 200

Vinoget [em™]

Obrazek28:Pr st en s ameytsem a sklenénymi i

mi tCeledum, (a, b)
nekalibrovéna. Kalibrace ex-post - 5cm™.
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P-219
DeltaNu

Rigaku

Relativni intenzita

N fpmaciy,

Vinoet [em™]

Obrazek29:P¥ i vések s monogramem. ME&F eni-posb-&dmt.aNu nekalibr
Nasl edujici pfredméty jsou z neprlhlednych var
Na obrdzku 29 j e k ar ne ol oKrigtovym imbnugeariem.kNa spektrech je patrny
charakteristicky pass pr o k F e me @63 cmd. Kgem nddmoty 600 cm™ | ze opé&t vi d
padsy artefaktu, které potlacduji slaby signal
Dal §i mi pf edmét ymél ktndir @& 5 e jasgisovy parmneeku (obr. 30) a
jaspisova miska (obr. 31) , ktera zifejmé& sloutila k dekorati
vi dét kolika barevnych variaci midte jaspis r
Sedi vou, hnédou a Cervenou. Jas pedwmwkdsu mi s k a
cervenohnédého kamene a polotena na zlateém p
Jaspis je pr Uswidriadla chargpdokuystal i oskytujicd servida k¥
nékol i ka baaticle-Crey vlendar helégl#d av ni uaspsujeokid u
k7 emi Cpiftiymé s i rdznych prvka, dvene Méou torbgtuj i j e
uzavieniny chloritu, p F i meélaspis md obaralkteristické pasya n g a n u
stejné jako kF emen'zZik ambal asspteik t46a0 oad p&O®0d daini z
méfenim mi krokrystalického kfemene (Kingma et
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P-205
DeltaNu
—— Rigaku
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Obrazek30:Nar amek z jaspisu. M&fFeni dost-fm™Nu nekal
P-131
— DeltaNu
. Rigaku
g
N
=
[ 7]
E
E
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=
o
o
T T T T T T T
1800 1600 1400 1200 1000 80 0 400 200
Vinocet [em™]
Obrazek31l:Mi sti ¢ka z jaspisu. M&F en i -pokteSent’a Nu nekal
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5. 2. 3. Granéty a diamanty

Dal parin au $ noi. 82) b( yol joit mnohem cennéj Si a byl o
(al mandin) | emovanym Vesgektrecrha notbyo ur Opzineén owsenlyickio s
pfritomen intenzivni c har a¥32 ant, iData Nucpk Kalibracia s d i ar
1331cm?).M&F eni pomocrmae pdiitsaceoj I BRmMyakpi spaddapi
a s pr Diamakt e § Ramanovych spektrech se projevuje jedinym silnym pasem na pozici

1332cm’c ot odpovi da v-& Vasyublikui (Rrawer et SlemnanichC2004)

P- 187

DeltaNu

Rigaku

JiN

47 P VY o vy

T MO\
y

Relativni intenzita

~

Al 5 YA \ Fa
E¥AN /Ili‘ A J...,‘\‘.‘\ “‘/\,fﬂm"'bnlv'yﬁv"’"'. "
VI \ V v A
\ VTN
c

b

a

T T T T
1000 R00 600 400 200

Vinotet [em™]

T
1800 1600

Obrazek 32: NausSni ce s gr af(,®)t- epektraaiameniuaand nspelgtra grandtu. Mé F eni Del t aNu
nekalibrovana. Kalibrace ex-post - 5cm’™.
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SO NS s
e N e =
T T T T - . :
1300 160 1400 1200 1000 %00 600 400 200
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Obrézek33:Br ot s kvétinovym moti vem. Mé& ¥ easti-5crble | t aNu nekal

47



Dal §im pbgHméobenchobna jehl i ©br33, kktéarid olvylma v
zdobena 8 diamanty,tys e vSak postupem Casu ztratily béhe
na ni zachoval pouzeVej esdpienkyt,r eXa tonbéo uv i pdfi et neal sr
p foimen intenzivni charakteristicky pas diamantu (Rigaku 1332 cm™, Delta Nu po Kkalibraci

1331 cm™).

Nasl| eduj izcipokileaddmmétbyl y zIl até nGt ky (obr.38)er ném p
zdobené na okrajich a $§pi €cbyloyseennalkem 231 at ni ck

drobnychPfgirsatnraajd Ri gaku mél s méfenim granatd
barve granati doch&®zes bo ksef |l podaickacinamérf
charakteristickymi pésy pro granaty - 505, 558, 915 cm™. DeltaNumé i | o bez pr obl ¢

rekalibraci vychazely pro granaty charakteristické pasy. V oblasti pod 400 cm™to byly pasy
218-245 cm™, 345-362 cm™ a v oblastinad 400cm™t 0 byl y p¥F e b@ens'i8s8- pasy 5
870 a917-920 cm™.

P-210
. DeltaNu

Rigaku

Relativni intenzita

[ | ly/
" \ MNP A s A M AN ‘u]‘\‘; ! A
\“n‘v"‘"‘.,’v‘)‘#.l\"\flf J/\_A'WI{\'! JUI.)HW J‘[‘,Ml;\“‘l"‘.'\‘\"W:\l“, \ 'LJ '}»\‘&_,l‘\vv \" A""j l-,'{w‘\.”’ 'ﬂﬂh‘,‘*ﬂ\‘!n,‘ J\l\r ﬂ ,\r"ﬂ(\\; MI; Ll"\(f"_,',”" all \ler‘f‘rw" Y
\ N My
T T T T T T T

1800 1600 1400 1200 1000 K00 0 400 200

Vinocet [em™)
Obrazek34:Pouzdr o .M&afi exnmiit kplalibrovanil Kalibrace ex-post - 5cm”

Dal §i pfredméty, které piydegl -mKigr i o edmadki C¢raana
Bpouze widliildlga anov ého jmuziokhobstraa ozdodsny grobriymiv i d | i ¢ |
granaty, které jsou pravdépodobné al mandiny a
kvalitnimu spektr uObeecvni émes es U kad&zoaul op,F itmed spF.i st r
nm, neni s c hopnengrzanméartit tsapke k tatuy ubryGliot , moot njéa l
mi ner &l se jednéa, na rozdinm okldefi shrojm&ng k«

spektrech | ze odec¢ist char aleBen 515360cmkd0-pasy g
870 cm™a=919 cm™.
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P-104

— DeltaNu

— Rigaku

Relativni intenzita

1800 mt;o 14loo |2loo loloo &;u a;o 4(;0 200
Vinoéet [em™]

Obrazek35:Fi | i gr 4nova vidlidka s granéaty.-pod&iméni Del t aNu
Zbytek pfedmétid z | oretdnského pokladu je s
opalového skla (obr 36) na svécenou vodu, |
granaty (al mandiny) nebo o dek®@r)aetdigramty st T i
(al mandiny) na katdém rameni zZz obou stran.

P-136
— DeltaNu
= Rk
g
3
2
1800 IG(I)O HIOO 12.00 lOIOO 0 y Y

Obrézek 36: FIl akon na
nekalibrovana. Kalibrace ex-post - 5cm™.

Vlnoéet [em™]

svécenou
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DeltaNu
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Relativni intenzita

BT
uﬂg .“ N"/l PRV i "
A J i
f‘w.“v’vﬂ rxm,M"‘\f‘“Mw\ ‘/‘\AWR"UV‘(*NM\“N‘/ W\\A}l‘/\'\"f“v"’\/\\/ L g *’V""'UM{MJ i i MW"WJVV.,
l N
‘ \
T T T T T T T
1800 1600 1400 1200 1000 £00 00 400 200
Vinoéet [em™]
Obrazek37:Fi |l i granovy kfiitek s Del t aNu
P-09%
DeltaNu
= Rupaki
g
N
>
R=
=
B
=
23
e~
N
b
a
T T T T T T
1800 1600 1400 1200 1000 00

800
Vinocet [em™]

Obrézek38:Pal a na mea&dhniskakt ckhm granat u,
nekalibrovana. Kalibrace ex-post - 5cm™.
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Pfi bohoslutbach, kdy je kalich naplnén mesd8ni
a uchranit tak |j ehkd eanug ats eplaffedds8)d vdCi St éni m,

Pal a, kterou jsme cm&lkrcd&v édhiosptozaru, byhat &
ozdobenda velkym mnotstvim granatovych i skl et
smal tovych obrazkl se svétci, ve stfifedu bylo
jezul at kem. PF iosut ro§5 snnvipootvwrudidél kf e se jedr
cel kem zméifeno 11 granatt.

P-174

DeltaNu

Rigaku

Relativni intenzita

f
a {

= i S o == Y S PERRRR S, o kAt
——— SO UM ) SRS S =+

T T T T T T
1800 1600 1400 1200 1000 KO0 0 400) 200

Vinocet [em™]

Obrazek 39:Lunula z monstrance, (a) spektra kfPFemene, (b)) M@pgeht r Dedgrnt aMNat
nekalibrovana. Kalibrace ex-post - 5cm™

Loreta je proslul & svymi monstrance(@i39a katda
Jednu takovou jsme mél.i pfiletitost zméf¥Fit. L
zadhnédy, nad nim je pal ng&saincAtzyd o bketreyr é1 1s er Uszt nié

jicht je dohromady 12.

Kromé né&ddhernych monstranci ma Loreta i vel k.
Marie (Madona Loret ansokrdl)) g sdet iz$ kral.z nTyyctho nkaa re
zdobené abhypsesetipvo ridzné slavnostni acel y. N é
zI|l at a, zdobené tfeba perl ami a granaty, jiné
zdobené barevnymi sklenénymi imitacemi drahyc
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5. 2. 4. Perly

N - 082

— DeltaNu

——— Rigaku
8
N
=
2
g
= T T e
<
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b
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T T T T T T T
1800 1600 1400 1200 1000 800 “0 400 200

Vinocet [em™)

Obrazek40:NausSni ce s p e(pb)aspektragerlykd d) Spekdrdkefm St Méw eni Del t aNu
nekalibrovéna. Kalibrace ex-post - 5cm™.

Posl edni pobr.r40) n &buySini @z dloben sedmi per |l ami (] e

centrdh ni m kamenem, ktery byl identifikovéan | ako
nepodafil o naméftit spektrum perel, nebot jeji
pfehluSen spektralnimi artefakty, oketrdakjée do vy
na obr Ok WEdt ef akt mé | charakter ., v n—, prav|
nenesly té&ddnou wutitnou informaci. Tyto spekt

Spatnym zachycenim a pfectemdun istiigneéX ai tnaac eC Cil
dolotit pFfFitomnost allagonitu perly (cca 1081
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Tabulka4: Souhr n st ud boverneky ppklad k a me n
C. Inv.& Piredmét Vzorek Rigaku 532 nm Vzorek DeltaNu 785 nm (kalibrace + 5cm™) Identifikace
1 pP-207 ndusnice Irl-a 620s, 3189 Id1c_ciry 5x 435, 1042, 1367s sklo
Irl-d 594, 617, 1031 Id1lh_ciry 5x 1043, 1340s
Irl-g2 619, 1031, 1727
Irl-h 619s, 2607, 2639
2 P-189 ndusSnice s grana lr2a 561, 626, 919, 1087 ld2a_cerv_1x 343m, 555m, 640, 858, 917s, 1050 granat
Id2a_cerv_5x 364m, 557m, 863, 918s, 1039
Ir2-b 1332 ld2c_ciry_5x 1331vs diamant
Ir2-c 1328
Ir2-cc 1328
Ir2-ccc 1332
Ir2-d 1332
Ir2-f 1332
Ir2-g 1333
3 P-187 jehlice kvétin Ir3a 1331 ld3a_ciry 1331 diamant
4 N-041 pfivésSek kfiitek Ir4-a 487, 625, 663, 971, 1042 ld4a_ciry 475, 1044, 1363 sklo
Ir4-e 490, 626, 661, 981, 1040 Id4Ab_ciry 454, 1044, 1364
ld4e_ciry 445, 1040, 1365
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P-219

P-210a,

P-210b

P-104

P-090

Prives

ndtky

stfibrna

pala na kalich

vidli ¢k

monog Ir5d

Ir5-1

ebenovémliIBxxx

Ir9-a

Ir9-aa

Ir9-i

463, 1098

463, 792

505, 558, 915

917, 1071
493, 508, 841, 924
921

nenaméfeno

¢

t

e

1d5B2_cerv
1d5D_cerv
1d51_cerv
1d8uuu_cerv
ld8vvwv_cerv
1d8xxx_cerv
1d8zxzx_cerv
1d8zzz_cerv
Id9A_cerv

1d9-1

Id10a_cerv
1d10b_cerv
1d10c_cerv
1d10d_cerv
1d10e_cerv
1d10f_cerv
1d10g_cerv

1d10i_cerv

256, 464
465, 502

256, 349, 464

367, 561, 646, 865, 919vs
367, 559, 640, 780, 860, 919vs

559, 641, 748, 866, 919vs, 1050, 1179, 1278

560, 920

366, 516, 645, 759, 861, 920vs, 1176, 1278

918vs

919vs

275br

276br

345, 554, 628, 866, 917vs, 1041
345, 555, 630, 867, 917vs, 1040
344, 555, 631, 865, 917vs, 1040
367, 552, 866, 918vs, 1042
345, 561, 866, 917vs, 1049

364, 558, 861, 919vs, 1048

karneol
(kF emen)

granat

granat

sklo

granat
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9 P-280
10 N-082a,
N-082b
11 P-234
12 P-233

zrcatko

nausni

ce

D¢

D¢

Ir1l-b

Iri2-a

Ir1i2b

Ir12bb

Ir12-10

Irl4-a

626, 1156

464vs
464vs
215, 401, 466vs, 806, 1157

1089w

nenaméfeno ¢Ci

212, 398, 465vs, 695, 804, 1157

t

1d10j_cerv
1d10k_cerv
1d10I_cerv
1d10m_cerv
1d10n_cerv
Id11b

Id11f

ld11g
Id12Aa

1d12Bb

1d12Bb-perla
ld12-ccc
1d12-4
1d12-6
1d13-a
1d13-b

ld14

364, 555, 919vs, 1053
364, 557, 861, 919vs, 1051
364, 558, 859, 918vs

365, 559, 863, 919vs, 1042

364, 558, 862, 919vs, 1051

566br, 781, 1354
1077br, 1353
697br, 1067, 1346

463vs

355, 399, 464vs, 1160

275, 703, 1086vs
275, 704, 1086vs

703, 1086vs

221, 278, 703, 1086vs

354, 463vs
463vs

353, 463vs

sklo
kifistal
perla
kifistal
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13 P-205 naramek Irl5¢c 464 1d15-c 466 jaspis (

Ir15e 466 1d15-e 462
14 P-174 lunula z monstrance Irl6a 211, 356, 466vs, 809, 1081, 1157 I1d16-a 354, 393, 463vs, 698, 805, 1164 kri st al
Irl6b 347,555, 917s 1d16b 344,554, 867, 916vs, 1041 granat
Id16¢ 345, 916vs
Id16¢cb 345, 371, 555, 916vs, 1039
Ir16-1 1332vs 1d16-1 1334s diamant
Ir16-7 1332vs 1d16-7 1335vs
Ir16-8 1331vs 1d16-8 1334vs
Ir16-12 1332vs 1d16-12 1334vs
15 P-167 kalich Irl7a 466vs, 804 Id17a 463vs ki st al
16 N-084 prsten Ir18a 464vs, 804 Id18a 461 ametyst
(kFemen)
Ir18b 315, 978, 1326 1d18b 1342br, 1361 sklo
1d18c 1224br, 1364
17  P-131 mistic¢ka z jaspi X nenaméfeno ¢ite I1d19 464, 698 jaspis (
18 P-103 filigranovy k¥it Ir20b 919s 1d20a 359, 556, 860, 919s granat
Ir20c 921s 1d20b 363, 557, 918vs
1d20d 363, 556, 918s
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19

20

21

22

23

P-084

P-136

P-036

P-066

P-092

stolni ozdoba

flakon z opalového skla

filigranova lampa - holubice

korunka Panny Marie

koruna

Ir21a

X

Ir26a

Ir26b

Ir26z

Ir26kr

208, 356, 396, 466vs

nenaméfeno

nenaméfeno

1332vs
465vs
466

553, 587, 866, 920s

¢

¢

it

it

1d21
1d22a
1d22b

1d22¢

1d23a
1d23b
ld24a
ld24a2
1d24b1
ld24c
1d24d
1d24f
1d24g
1d24h
1d24j
1d26a
1d26h
1026z

1d26kr

354, 393, 463vs
365, 558, 860, 918vs
367, 560, 920vs

363, 558, 859, 918vs

366, 559, 861, 919vs

363, 557, 863, 918vs

345, 555, 864, 917vs, 1042
347, 373, 557, 918vs, 1041

346, 371, 555, 867, 918vs, 1041

275, 622, 1367
318, 539, 1364
500, 1374
464vs

465vs

465vs

1331

462

411, 462s, 1171

367, 560, 919vs, 1042

kf emen

granat

granat

granat

sklo

kf emen

diamant

zahnéda
(kFemen)

granat
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24

25

26

27

P-078

P-079

N-092

P-091

koruna Ir28-cerv
Ir28-cire
Ir28kr
koruna X
koruna X
koruna Ir3la

1463, 1989

211, 355, 464s, 806, 1157

460, 1986

nenameéfr

nenameéfr

1930, 2492

¢

¢

it

it

1d29-kriz

1d30a

1d30b

1d30c

1d30d

1d30k

X

nenaméfeno

463s, 696, 795

364, 558, 862, 920s, 1051
365, 558, 860, 920s

363, 557, 861, 919s, 1052
364, 558, 863, 920s

704, 1087

nenaméfeno

Citelné

citelné

s sklo
kiistal
sklo
kfemen

granat

perla (kalcit)

s sklo
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6. DISKUZE

Vyutiti dRektroskapiewoyb | ast i mi neejastogi i matPoutki van
mikrospektrometruvo b | a st i charakterizace miner al d umél
nékol i k rmapfrdii HOl ag@elet ZHanni et al. 1998, Reiche et al., 2004). Pomoci

Ramanovy spektrometrie | ze vel mi vhodmé ui dd mteirfail kiava$ ot
konstrukci starsich | aboratornich zafizeni n

artefaktld (vétsSich hoommi souypos¢iveamkmh, ssasedh
optickych mi kroskopd (jektypockomektivihost i vIotit tak

Vyhodou nékterych novéj3ich | abpdriatoovrani cné ¥z acfi
Ramanova spektrometru na optickeém kabelu a te

optického mikroskopu. Tak vznikaly prace charakterizuj i c i naptf. pi gmenty

(Vandenabeele et al., 2006) pi gmenty n a@olombeeat d kFLL)h as opSoedko b(n é .
Postupny Vvyvoj umot ni | konstrukci zafozeni u
| aboratof, avméarkeé ppeimggrcdhdivira@spiort ovatel nych p

skupiny prof. Vandenabeele, souhrnna prace Vandenabeele et al., 2014).

Pouze dalsi technické motnost.i miniaturi zace
|l ehkych a zcetlht rpoimeentorsin.y vy itsjpvany v kri mi na
terorismem,vo b |l ast i umél ecké i geoveéedni .

Tat o DP jicketygik vinikléepos|l edni m despitedn®dsrnny sh pRamand
spektrometrd na pracovi ZtaibyUBMNE | s iBkijclmé ¢ ke 0 £ m
mineral @ na vychozechamé@Femliint ksai ra nKiothk.a,k @0 v

labor at of i (Jehli cka a )tkalz.a,l y20Q%®, zeylnkéan ae tmi al
vybavené laserysvl novou dél kou 785 nm umotnuji ziskav:
minerald. Jejoldédhltesnojv@Amyv e v terénadna vyehozash i a p
(Jehli¢dka. a kol ., 2011

Tmavé mineraly nepfedstavuji owWE&E@mnnemibj seheéegi
vazano na jejiclkenesnonydchmmpoima adeivyohdd czejichpt i st r ¢
strukturnich a optickych vlastnosti. Tyto mineraly dopadaj i c i zafreni rdznych v
vétSinou znacné absorbuijil asPdriu vyuher7 85 erRmi f
kfluorescenci, ktera opVekrgrz@mt wllwbyTesigemat yRa
nebo tmavé ¢er-ygearmndhi Cnkign ea ak BalS.i, s2Quldl)e. se za
posouzeni m wmigiautnicht spd kntorsame t r pr o identifi kac]
agregatl prewéamnékipi p9dbbviteketdl, 26131 ZW@n &ted plodar i
ukéadzat, te pfi dokonal € kal i br aterénu, ke zipkit i opti
velmi kvalitni Ramanova spektra a dosahnout vel mi dobr éh

mi ner &l 0. Obidlambnéi peatal enhp@ebl is@llgedld)y zeol it d

Ponékud sl otitéjsi midte byt poutiti téchto p

chemicky kompl exneagi ch s walirizéetrnavicdh & neiénnich
podminkéch. (Culka et al., 2014, Culka et al, 2016)

Ve vSech uvedenych pfipadecnmn(ss & eprvekngjpom |l a,s etre
pro mineralogické aplikace nejy h o d n € j i. To midte byt také ovl
konkrétnim zafizenim (firmy Ri(sgzlénygnlaseken)b avenyn

\':
S
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Pfistroj, ktery je na pvabtevigtvniUGMNZodymy mv.
technické vlastnosti nejsou vyhovujici. Vy r o b c i se tyto nedostatky sn
zejména o vznik vinovitého artefaktu s maximy v cca 644, 624 a 598 cm™ nespecifického
pdvodu, ktery se pbjpadg¢eshaebSiperdkt Remanwowva si
tak zakryva Raman(Gv signal a neumotihuje tak |
(viz typicky perly, obr. 34) anebo spektrum komplikuje (granaty, obr. 37 2 38). V. pf i padé
silného signalu, jakovp f i padé di amant 0 byl Jwakdekonsawvatt o art e

te prFfristro]j S A=785 nm je pro mineralogickeée
prokazalo tim, te se pomoci tohoto zafizeni ¢
vel mi dobré kvality ,datazatm&d ey apoanmérpopiignali nEu
jsou j it (Optanrdthovia &taly ared 1 4) . Plati to i pro sad

pokl adu. Podobné vys| ednkdrobngch abjekiech €Snpoesrzeii7.cbhy | v z
-19. stoleti z Muzea v Messin §Barone et al., 2015).

Drahé kameny |jsou mi neerjaakyo, zkvtlear3ét nbilddenswieukp i vnyud &

jejich vzacny vyskyt vpf i rodé a jejich potenci alni trtni
nej castéji ze skupixn(kbandajphovarlety) nepocti) a madti k,ath) (b
jeho variety). Ze spektroskopického hlediska pfedsta
byvaji svétlvwvarneddomkzabarhvemé&ti t él Zasméijakoavy

rovnych plochach.

o

Je tfeba upazdér npiotd nmm an ks p empdiiciennzéjnickasbiteke Gbikkyt U v

byvaji k dispozicivr a mc i néjaké uzaviené mistnosti a | e
aby f&doSkozeni <¢casto velb!| ezjdenyicbbastaémomgvVva
zaji Sténi vhodnych podminek pro akumul aci S
miniaturniho spektrometru ve vhodné a stalé vzdalenostiapolo z e v U € i studovanému
pfipéeodBbyl o dost attelwég umeéitdnistkagaoa méar n &l ok rséotukvyi
asy akumul ace dostatecnymi pro ziskani pri]j
odl i §né od st updaut,i vkatnejrcélp Fseeatddésiichepoiminkich — na

vychozech oddesnechRatsympld.tfeba vénovat pozor nc
vli hkosti, teploté méfeni) a také stabilizace

spektra se mlUte ukazat jako kritickeé.

Vy hodou pekiyomdiri Rigaku ssvinovou délkou532nmj e mot nost zi skani
koralech artefaktd pomocjiejsiclhnykar orteemon adnié n i’
potvrzuj e z k u & emkmhsdlogickych iotgektexhn ¢ terémnich podminkach

ei l at skych sol a201g & e (kdleeQteh, 2083k a et al . ,

|l dentifikace drahych kamend v t éskapychgerdéw i prob
Ramanovych mdaltbrnpdm&or & omu bylebal v pioibp&YE K
studoval. dva pfedméty =z B ®adtinuegndrdoad). Tk a tveScarka |l y
kromé Ramanevyiepelkturtaormi ptoazko& omiakri a s kSoppoij ceknéi
met od vedlo k jednoznac¢néamtai ur ceni vSech kame
Dal §i studie, ktera poutila kromé Ramanovy sp
tezlo Pfrirodoveéedeck¢é f akaKolt2912).UKamevneyr zniat yt ekzalrel ol
zkoumény p ¥ e n o Kamgnovym spektrome t r e m, koveoVvénosouymstent ¢

fl uor e ssgelkrométrent (SRF). Naopak tomu bylo v pfipadé meé
Basilejského pokl aduetal 2004)nkdyisiec rsd wee kofpiétte o(bR esivd
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fluorescenci u zel enifidnovédlkyrfase 78y ramta jederdicme n G p
amenl z celkového mnotstuvi Sedesat. 0S mi ne
r ¢ eyl nozWtat& pndé se problémy s fluorescenci projevily pouze u vel mi
ervenych gr ampait inzoginnichispekemgyr a m&tl 0 obecné spekt
First Guard Rigaku s vinovou délkou 532 nm. Spektrometr DeltaNu s vinovou délkou 785 nm,
byl schopen zméfit vel myl dolproa deEfpié kjtvayjaitoght amnrad
pomoci programu MIRAGEM 5, aw& afxo da iopimani szpieskkata kor al 0

K cC X O»

na které byl naopak mnohem | epsSi pfistro]j Fir
Naznacdeni ¢ h e hylozziskéno ppmoei Mmétddyl MIRAGEM 5, kterou navrhl

Ber sani a kol . ( 2 0 én®np systeiatickém posueutRandravych @4 < | ot
sménicbemosenim granatiad. Aby t at o nembgtié aiskah do b T e

kvalitni spektraac 0 n e j @ d e @ololeyicharakteristickych Ramanovych p & sPdkud se
Vv naméifenyphoppektt a&h kpad gkicanmp@ineiddanvélmi ghadoha
Pokudjep dsné ntf 5a4nebo ,oléhpllds amozi ej mé rnoesutneotal umet o

procentudl né vyjadiit ostatnnvizTap.l)i mési, které
7. ZAVER
Cilem této prace bylo posouzenimot nosti vyutiti Ramanovy spekt

neinvazivniho a nedestruktivniho nastroje vh
umél ecky ®hi dt E & o lcphareld z $véhg z§jreurm drahé kameny. Tematicky se
prace zamérfril akmanemé&r enimi dn aim sjtuelv restatwatoské ot e n i
dil né Ti dovsKkeéh o sakmdliizkeoas tve | Br dNaegpa aad ik éezAmea ev &
nutnosti jejich pfevateni do | aboratofe.

Ot 4zkou, na kterou se tato préadce snatila naj
vybavené | asery odl ipSonnéé rwnlérzongdrintd feRkmanbvmdnot ni
spektra neznamych minerald v konkr ét nidhch umeé
podminkach ul oteni.

Prvnim z nich je vy vojsdawa& S i spektrometr DeltaNu s viIn
spektromet runpoftini Imé Fvehnoid n o u , vgsokaul rychlostc Askéni praci
pfijatel nge ha Csppoeekstpelmts diagnostickych pas G . To se potvrd
identifikaci vsSech drahych kamenl i skVenényc
Pratském tidovekémémuzeu i v

Druhy spektrometr je typoveé noveéjsSi s vinovo
meérf eni ovbéltéSmy psr naméfae npimi jCatteellnnyycchh spekt er
spektrometrem DeltaNu. Spektragrana tnle by | o mot aloV tetmeécf idi ky si |l nén
a fluorescenci . Rigaku se vSak na rozdil od L
umoitin jednoznacné iddakpi §mé&owvat pakterinehdatlty
obtitné.

Cilem prace bylo identifikovat vS8echny kamer
pfipadné daldi wvyutiti. Zdrojempi inflouma& i mbdiyé
a publikované ¢l &nky v domécich i zahrani ¢ni
seznam je uveden v zAaveéru priatcppracsexyyamazkelt
uvedenych zkusSenosti a pgaldem@é¢ireE@®i @ogchzapocal a Zj
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dosavadni ho stavu poznani. N&sl edovalo terénn
pfipravu souboru vhodnych vzor ki pzrme f enB F eni

Ramanovych spekter, zpr acovani z mé F e myvghbdnocenip adtetloeamé a | e j
sepsanim této pr ace a zhodnocenim vys| alaakife.spekiry s| e d k e
nékolika nejbétnéjsich drahych kamenda. Tato
pfipadné by se dal a r o zl&nerdy,jako jsou srparagoly, rabans ai obl as

mnohé. dal §i

Z uvedenych vysledkd vyplyva, te pro méfeni
nejvhodnéj si aplikace spektrometru DeltaNu s
VI novou dél kou teshiodm®y vinént of ppri &¢irpj je poutitelny
di amantu a nékol i ka Jkavipgnaaheé eltinkya hd ani Sieaha | @
Jehl i ¢ ka aOstérotlova et al.2 DU, Rpsado et al., 2014) a nékolika méf¥
srovndvacichmater i al ech jetoenboepkiistcdj vel mi vhodny
karotenoi do.
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In situ study of stones adorning a silver Torah
shield using portable Raman spectrometers

Katefina Osterrothova,®* Laura Minarikova,” Adam Culka,®
Jaroslav Kuntos® and Jan Jehli¢ka®

A silver Torah shield fitted with a set of precious stones and glass imitations crafted in Poland in the first half of the 19th century
was investigated using two of the currently distributed portable and relatively low-cost Raman spectrometers in situ at the Jewish
Museum in Prague. Observed Raman peaks corresponded well (+/— 3 cm ') to the reference values. The hand-held instruments
operated at 785- and 532-nm laser excitations showed good performance in the fast and unambiguous identification of nearly
60 stones which were fitted on the shield: one blue aquamarine, three purple amethysts, thirteen red garnets (all classified as
high-percentage almandines), three white pearls, fifteen pieces of red coral and five chalcedonies (one white and four red). All
of the other stones were identified as colored glass. The rather chaotic mixture of stones of various colors, cuts and sizes
and the total volume of imitation glass support the theory that the mounted stones were gathered from Jewish households
and donated for the adornment of the shield. The common portable Raman instruments represent an ideal tool for the quick
and accurate identification of gemstones mounted in historical artifacts in situ in the framework of museum or collection sites

in a non-destructive way. Copyright © 2014 John Wiley & Sons, Ltd.

Additional supporting information may be found in the online version of this article at the publisher’s web site.

Keywords: Torah shield; pearls; corals; portable Raman spectrometry; gemstones
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Introduction

Raman spectroscopy has become a high-powered instrument for
rapid analysis in the field of archaeometry, art and conservation
work in recent years. In situ Raman analysis of historical art ob-
jects in the area where they are stored was made possible thanks
to several years of development of mobile Raman spectrometers,
which were gradually reduced from transportable to palm-sized
devices' while preserving the quality of the measured spectra.
Moreover, using instruments equipped with more than one laser
(different wavelengths) allows one to identify even minerals and
pigments which previously would have been difficult to assign
because of strong photoluminescence (for instance, turquoise,
opals, pearls, ambers, rubies, spinels or emeralds).

Raman spectroscopy is starting to be routinely used as a
primary method for studying gemstones mounted in many his-
torical objects in situ (Heinrich’s cross dating from the late Middle
Ages,”?’ scepter of Faculty of Science of Charles University™) or in
the laboratory (golden chalices from the Einsiedeln Abbey
crafted in the 17th century,” the Reliquary cross and Dorothy
monstrance of the late Gothic period,m the cover of an elabo-
rately decorated leather-bound manuscript, the Tours Gospel,
‘Evangelia Quatuor™), analyses of pigments,”~'% glass and glass
products''"® and ceramics."*'®

We present here the rapid and accurate in situ identification of
stones using portable instruments equipped with 785-nm and
532-nm lasers, the second of them used for the identification of
the red coral's pigments in resonance conditions. In previous
studies, such a lightweight, compact and power-supply indepen-
dent (battery-operated) system was only used to detect caroten-
oid pigments in gypsum crusts."® Several other studies show
applications of ‘so-called’ portable instruments frequently that

are used much more like laboratory-based spectrometers that
use the power supply of buildings. Due to the rarity of the shield,
it was not possible to temporarily transfer it to the laboratory, so
the analysis of stones was carried out in situ at the Prague Jewish
Museum. Identification of the gemstones in such works of art is
very important for a comprehensive assessment of the artifact.
Lately, an increasing number of facilities (museums, galleries) are
buying their own devices,?*?? because they need to gain as
much information as possible in a short amount of time, without
damaging the artworks and without needing to move the objects.

Historical background

The Torah shield is historically the youngest part of the set of dec-
orations of the Torah scroll. The parchment, with its hand-
inscribed text of the Five Books of Moses, is the subject of the
utmost respect in Judaism. When not in use, it is stored in a closet
on the east side of the synagogue and adorned with various
kinds of decorations. Before being put away, the scroll is tied
up with a fabric belt and provided with a protective textile cover,
which is usually richly embroidered. Decorative metal finials or a

* Correspondence to: Katefina Osterrothovd, Charles University in Prague, Insti-
tute of Geochemistry, Mineralogy and Mineral Resources, Albertov 6, 128 43
Prague 2, Czech Republic.

E-mail: osterrot@natur.cuni.cz

a Institute of Geochemistry, Mineralogy and Mineral Resources, Faculty of Sci-
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crown are mounted at the base of the winding rods, and a
pointer and a shield are hung in the front,'*

The emergence of the Torah shield as a new type of the deco-
ration of the scroll developed thanks to the practical need to
know what section of text appears immediately after the
unrolling of the scroll. The reading of each section during the
year is subject to specific rules, and therefore this marker allowed
for the avoidance of a lengthy unwinding of the entire scroll to
the given point in the text. An important role was also played
by the possibility of damage or wear to the valuable scroll during
intensive handling. Most Jewish communities owned more than
one Torah scroll, and it was much easier to simply choose the
one that could be used immediately without unrolling.**

The inspiration for today’s appearance of the Torah shield was
a silver plate hanging by a chain on the front of the scroll with
the inscription which scroll is intended for current use. This prac-
tice was first recorded in Germany in the first third of the 16th
century.?* Over time, the decorative function of the shield pre-
dominated; the surface of the shield increased, an ornament
was added to it and it took various shapes. A box with inter-
changeable plates with inscriptions informing about what text
will appear after unrolling began to appear on the shield. The
oldest extant Torah shield of this type comes from 1587.12¢!

The shield from the collection of the Jewish Museum in Prague
that was examined bears the inventory number JMP 001.992.%27
According to the dedicatory inscription, dated 1846 in Hebrew
letters, the shield was once dedicated by Jews from Pra$ny Ujezd,
probably to the temple in Rokycany, from where it was trans-
ferred during the war to the former Central Jewish Museum
(1942-1945). Unlike most shields in the museum’s collection, this
shield was not created in the Czech lands but in Poland before
1846, evidenced not only by its official hallmarking but by its ico-
nography and the different method of its fabrication. Poor legibil-
ity of the hallmarks unfortunately does not allow for further
classification of time and place.

Experimental
Samples

The shield is made of silver of undetermined purity, hammered,
chiseled and partly gilded; some of the decorations are casted.
It is roughly square in shape with a height of 290 mm (without
the dedication labels), and it is capped by a low triple arc. On
the sides are styled columns topped with crowns; a scene of a
deer lying between two trees is located in the middle part, made
by a casting technique. A box for removable plates can be found
in the space below the body of the deer, and dedicatory inscrip-
tion labels are attached to the bottom of the shield. The surface
of the shield is fitted with a set of precious stones and glass imi-
tations. Some of the stones form parts of the decorative elements
(frames and spikes of the crowns, fruits on the trees), while some
are placed freely on the surface. An oval rosette bordered with al-
mandines, attached under the center crown, was likely originally
part of the jewelry, and its use is probably secondary. The stones
studied in the frame of this work were crystalline, amorphous,
inorganic as well as organic in nature. They were grouped on
the basis of their situation in the Torah shield as follows (Fig. 1):
the big yellow, blue, pink and green stones at the periphery of
the shield (1-14), the stones in the central crown (15-24), the
central non-translucent cabochon and small associated stones
(25-26), the stones at the crown of the right column 27-33, the

Figure 1. A silver Torah shield crafted in Poland in the first half of the
19th century and fitted with a set of stones (nos. 1-58).

red stones close to the deer head (34,35,46,47), the big stone
between deer’s antlers (45), the red stone in the deer's body
(36), the small stones on the box for removable plates (37-44),
the stones at the crown of the left column (48-53) and small
stones as apples in the tree crowns (54-58).

Instrumentation

Two of the several currently distributed portable and relatively
low-cost Raman spectroscopic instruments were used in this
study, namely an Inspector Raman by Delta Nu and a FirstGuard
instrument by Rigaku.

The portable Inspector Raman instrument weighs 1.9 kg and is
equipped with a 785-nm diode laser with a maximum output
power of 120mW and a thermoelectrically cooled CCD detector.
It gives Raman data over the wavenumber range 200-2000 cm ™'
with a spectral resolution of 8 cm ™. This instrument is controlled
remotely via a USB cable-connected laptop. It allows the operator
to select from a wider range of settings for measurements includ-
ing a more detailed power output selection, a number of
accumulations and long accumulation times. The spectra were
typically recorded in situ in this setting: 1 accumulation each of
10s’ duration. Laser power was set to ‘high’ in most measure-
ments, while analyzing some stones better results were obtained
when set to ‘medium’ (to avoid fluorescence). The estimated
output laser power is close to 120 mW for the ‘high’ and close
to 60 mW for the ‘medium’ settings.

Another handheld system, which was used in situ for the com-
parative study of corals, was the FirstGuard instrument by Rigaku
equipped with a 532-nm laser. It weighs 2.7 kg and is equipped
with a 532-nm diode laser and a thermoelectrically cooled CCD
detector. This is one of the first truly handheld Raman
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instruments permitting the use of 532-nm excitation. The maxi-
mum laser power output at source is 60 mW. It operates in the
extended spectral range of 200-3000 cm ™' with the spectral res-
olution of 10-15cm ' as reported by the manufacturer. It uses a
resistive touch display and allows a wider range of experimental
settings. In this study, the spectra were collected at the following
setting: 1 accumulation 10 s long and 10 mW laser power.

All measurements were carried out by shielding the specimen
and the instrument’s contact area using a black cloth. Raman
spectra were exported into the Galactic *.SPC format. The spectra
were compared using GRAMS Al (Version 8.0, Thermo Electron
Corp., Waltham, MA, USA); the Raman spectra were not subjected
to any data manipulation or processing techniques and are re-
ported generally as collected. A baseline correction was applied
where mentioned. The peak fitting procedure in the GRAMS Al
software was used with following parameters: peak fitting region
1570-1460, baseline function linear, function mixed G+ L.

Results

A summary of the studied gemstones, their sizes, shapes/cuts,
their subsequent identification and reference data from the liter-
ature is given in Table 1. According to Raman spectra, 13 stones
at the periphery of the shield (nos. 1-11 and 13-14), the colorless
stones (nos. 37, 40, 42) and the green stones (nos. 38, 39, 43) on
the box for removable plates and the big yellow stone between
deer’s antlers (no. 45) could be described as glass imitations.
The Raman spectrum of a silicate glass is represented by the
signature of coupled modes of Si0O,, and M*/M**cations (Boson peak,
which can be observed only with a high-resolution instrument in
order to record the scattered light down to 15-20cm ™) and by
the superimposition of the molecular signatures of the different
types of SiQ, tetrahedron (~500-1000 cm ™" multiplets)..' ! Collected
Raman spectra are in general poorly resolved, which is typical for
portable instruments. However, in a few cases, bending vibration~
600cm™' and stretching vibrations double-peak at~970 and
1030 cm ™' of $i—O were visible. Quite odd is the occurrence of a sin-
gle detected aquamarine (no. 12), which thanks to its cut, color and
dimensions closely resembles the mounted glass imitations, which
means that it was probably added to the shield in the belief that it
was also from glass. The Raman spectrum of the blue stone (12)
showed bands at 329 (ring), 401 (ring), 688 (Be—O symmetric ring de-
formation), 1008 (Si—O0), 1070 (Si—0) and 1148cm ™' (shoulder),*
which are characteristic for natural beryl (aquamarine) (see Fig. 2).
The purple stones adorning the central crown (nos. 15 and 17)
and the purple stone (no. 44) placed on the box for removable
plates revealed an intense Raman band at 468cm !, which is
due to symmetric stretching-bending Si—O—Si and an
additional band at 216cm ™' (0—Si—O bending mode).”” These
stones could therefore be described as amethysts (a purple variety
of quartz). An oval white rosette (no. 25) bordered with garnets
(nos. 26 a,b,c.d), attached under the center crown, was identified
as chalcedony (microcrystalline silica) with the presence of a new
silica polymorph moganite.*” It is well known that Raman spec-
troscopy is a powerful tool for the identification of mineral phases
(such as the various SiO, phases).*"! In the spectrum bands are
located at 217cm ™' (a broad peak probably a combination band
originated from quartz and moganite) and a strong band at
468 cm ', which could be attributed to the Si—O—Si stretching-
bending mode of quartz!**' The shoulder band located around
500cm ' represents the main symmetric stretching-bending

mode of moganite.*” This oval rosette with the arched edges
and central white chalcedony (no. 25) was originally used as a
brooch or buckle, its use was secondary, and therefore it was prob-
ably added to the shield in the second stage, when the shield was
already in use. The Raman spectra of the red stones close to the
deer head (nos. 34, 35, 46 and 47) were similar to the spectrum ob-
tained from chalcedony (no. 25), a mixture of a-quartz + moganite,
respectively. These stones were identified as carnelians. Different
SiO, forms are depicted in Fig. 51 (Supporting Information).

The Raman spectra of the white pearls adorning the crowns
(nos. 16, 21 and 28) show bands at 217 (lattice-mode vibration),
706 (in-plane bending mode of the carbonate ion, which normally
occurs as a doublet; however, in this case, it is presented as a sin-
glet, due to the lower resolution of the instruments) and the most
intense band at 1088 cm ™' (the symmetric stretching mode of the
carbonate ion).*® These features are characteristic of aragonite.
Further nature of the pearls was not studied in this in situ work.

All six red stones (nos. 18-20 and 22-24) on the base of the
central crown show similar main bands: double peaks at 350
and 377 cm ', which could be assigned to the librations of the
Si0, units; less intense features at 506 and 560 cm ™', which are
due O—Si—O bending modes; and a strong band situated at
921 cm™', which is due the Si—O stretching mode.?¥ Based on
the position of v (Si—0), the stretching band, these six garnets
were identified as almandines (FesAl, (5i04);!"" The approximate
composition of the garnets was also calculated by Miragem 5
(Micro-Raman Garnets Evaluation Method), Matlab running
simple software based on the assumption that in a solid solution
belonging to the garnet family the Raman wavenumbers are
linear combinations of end-member wavenumbers, weighted
by their molar fraction, proposed by Bersani et al.**! The results
of Miragem 5 using portable instrument are satisfactory only if
the quality of the spectrum is excellent and the program is work-
ing with four up to six Raman bands. The approximate composi-
tions of the garnets (nos. 18-20 and 22-23) were calculated as
80-90% almandine garnets with a deviation of about 10. Small
associated red garnet under the center crown (nos. 26 ¢) was
calculated using Miragem 5 as mixture of almandine and pyrope
(53% and 44%, respectively) with a deviation of 2. The red stones
at the crown of the right column (nos. 31 and 33), the red stone
mounted in the deer's body (no. 36), the red stone on the box for
removable plates (41) and the red stones at the crown of the left
column (48-50) could be defined also as almandine garnets. The
calculated values determined that the stone (nos. 36) is a mixture
of almandine and pyrope (65% and 22%, respectively) with a
deviation of 3. A comparison of the different garnets presented
as a raw data and after simple baseline correction, which can
easily improve their quality, can be seen in Fig. 3. The Miragem 5
results are summarized in the Table S1 (Supporting Information).

The red corals at the crown of the right column (29-30), the
red corals at the crown of the left column (51-53) and the small
stones as fruits on the trees (54-58) showed bands at 290 cm ™
(librational mode), 714cm ! (in-plane bending mode of carbon-
ate ions) and a strong feature at 1091cm ' (the symmetric
stretching mode of the carbonate ion), which corresponds to
calcite.®® The comparison of the collected bands of calcite and
aragonite is depicted in Fig. S2 (Supporting Information). In the
identification of coral pigments, we also employed the handheld
device equipped with a 532-nm laser to collect pigment features
in the resonant mode. Resonance Raman spectra of the simple
polyenes and carotenoids are greatly enhanced and could be ob-
tained even at very low pigment concentrations.*®! Features

wileyonlinelibrary.com/journal/jrs

Copyright © 2014 John Wiley & Sons, Ltd.

J. Raman Spectrosc. 2014, 45, 830-837

71



SPECTROSCOPY

Journal of
RAMAN

In situ study of stones adorning a silver Torah shield

(sanunuod)

2UO]S O ud||e4 X X ananbeqy/asenbs uomsod Aq AjjeuibLo X 43
(e E9TL “LLLL '6E0L 'LL6

(uipuewie) Jouien "vb£ '8€9 'SSS '80S 'LSE LZT6 '198 '095 'T9¢ 6EXS ananbeq/s|buerdsy pay LE

L60L ‘987 £EQ Japuif> pajjug pay  of

(2u21e2) |RIOD pBY Lot L80L THLL 'SEST 8ZLL ‘L60L V1L ‘68T LEQ Japull> pa|ug pay 6¢
154/780L '90Z 'TOL

(suuobere) pead 'S/T '£1T '60T '08L ‘SS1 8801 '90/ /1T TLX8 uoydoged/[eng AUYM 8z

3UO1S JJO ud||e4 X X 1apulf> pajjup uomisod Aq Ajleuibug X Lz

LZ6 '898 095 '£0S ‘8SE LTXRLT anenbeqyuobeio P2y 314

LZ6 '698 '09S 'PLE FSE EXE ananbeq/uobeig Pay 29¢

(en€9TL 'LLLL '6E0L 126 ‘0S€ ¥TXE 1UEI||1G/|2AO pay 99z

(suipuewie) 1auien ‘L16 ‘Y. ‘BE9 'SSS 'B0S 'LSE £¥01 ‘LZ6 '698 '09S 905 ‘LSE EXE ananbeq/uobeio pay egz

a)uebowAuopadjeyd oy L9LL TH8 'T0S "€E9F 29T 'SOT ‘6T £0S 'S9¥ '692 ‘€1T LELXEBL uoyooqed/|eaQ SUYM LT4

LZ6 '8.€ 'LSE CSX9 uelug/|eAQ P=d L £4

€921 'LLLL '6E0L  8LTL "€9LL LTG6 '648 "£6S ‘095 '8LE ‘0SE 9xX /Ll uel|jug/|eaQ pay €T

(suipuewie) 1uien ‘L16 ‘YL ‘BEY 'SSS 'B0S 'LSE 6£01 'LZ6 ‘648 '£6S ‘095 "00S 8. ‘0SE roxes uel|jug/|eap Pod (44
(47801 ‘904

(anuobele) peagd ‘T0L 'SLT 'L1T '60T ‘081 'SSL 9801 '€0Z 91T 90 uoy30qes/punoy SUYM X4

LZ6 ‘748 'L9S 'BLE ‘0SE 9X8 eljug/|ero pay (114

nE9TL 'LLLL 0L EVOL 'LT6 ‘898 095 'SOS 'PLE '0SE ‘LTT 9X gL URI|[LG/[2AQ pay 6L

(suipuewe) 1ouien 'L16 ‘bL 'BEY ‘9SS '80S ‘LSE 701 'LZ6 ‘898 '09S '€0S "BLE '0S€ ‘STZ T9XT9 9119504/[eAO pay -1
wp1C9LL 6901 ‘808 ‘964

(zuenb) 1sAyrawy '£69 'P9¥ ‘0S¥ ‘06 PSE '¥OT '90C ‘8Tl 891 9OLC 78X eol uoydoges/[eAo tejnbaul| ajding Ll

(suuobese) pead v 78BOL '90£ 'TOL 'SLT L1T '60T ‘081 'SSL 9801 '€0L TLT SELX¥SL uoydoges/[eno Jeinbau) SHYM 91
wyC9LL 6901 ‘808 ‘96

(zuenb) 1shylewy '£69 "9t ‘0S¥ ‘06€ FSE ¥OT '90C 'BTL 2911 ‘608 ‘969 ‘L9¥ ‘LOV ¥SE TIT §'8X90lL uoydaged/[eao Jejnbau| 3|ding SL

09€EL 765 PILXyol uelug/|erQ MO|[=9A i

sse|9 11009 ‘06% 0LEL [4N ] ueljjug/punoy an|g €l
opOFZL ‘TLOL '0LOL

(1K13q) sunewenby ‘71Ol ‘8001 '689 ‘00F ‘STE '€TE 0401 "800 ‘889 'LOY ‘6T€ 0L X8EL uel||ug/|eaQ an|g 4}

0LEL ‘0501 ‘OF¥ §9X8 juel|jug/|eAo Huld LL

S9EL ‘009 LLXFEL jue an|g oL

0¥01 ‘965 LXT6 e usain 6

09€EL ‘LEOL EELXPIL ue MO|[=9A 8

€01 ‘06 ‘865 ‘00F% £LXL6 e usain L

L9EL '8T0L '£96 ‘OFF ¥LX0L e Huld 9

TLEL 0601 LLX¥L weljjug/lero an|g S

L9EL 865 ILL @ ueljjug/punoy an|g 14

LLEL '865 Lo =n|g €

09€L 6'CL X991 MO|IBA [4

sse|D 1511009 '06% ¥SEL ‘L60L ‘001 EILXYLL juel||Lg/[eAQ MOJIDA L

uonesynuap| 2.n]eI3)l| WO} SPUBH UBWERY wu 8/ NN BY3Q Spueq uewey (wwi) azis 1nd/adeys 10100 "ON

UONEIDXS 195B| WU-58/ B BUISN UOIEdYIIUSP! 41941 pue sauoiswab psipnis jo Alewwng *| ajqeL

wv
k4
=
[a]
c
S
3
2
<
£
Qo
9
>
Fa
©
e
4
T
£
c
o
)
K
=

Copyright © 2014 John Wiley & Sons, Ltd.

J. Raman Spectrosc. 2014, 45, 830-837

72



K. Osterrothova et al.

L60L L0 apuljfa pajjug pay 8s
‘0601 ‘¥L/ 06T r@ Japull> pajiua pay LS
0ZSL 'TELL '060L L1/ 06T ¥S @ apuljha pajjug pay 9¢
8801 SEQ Japunl£> pajjua pad 14
‘0601 9L/ 062 Tr @ Japullf> pajiug pay ¥s
L60L ‘067 v o Japunl£> pajjua pad €5
L60L ‘062 8T @ opulldd pa|lug  3uym/pay 44
(eu>e3) IO paYy (1£80L 'PLL €8T 060L 670 Iapulfd pajug Pay LS
066 ‘LZ6 ‘095 ‘0/€ [¥X%95 ananbeqyuobeldo pay 0s
[o1€9TL 'LLLL 'BEOL
(duipuewe) 19UIRY ‘LL6 ¥/ 'BE9 'SSS ‘80S ‘LSE LZ6 ‘798 /9 ‘S6S ‘095 ‘99E SEXPS ananbeq/uobeldQ pay 6t
0F0L 'LZ6 ‘798 ‘LYY '£6S '19S '99€ Y XS ananbeq/uobeldg pay i1
£0S ‘§9% ‘07T vEL @ 2139504/puUnoy pay Ly
(Auopasjeyp) ueljsuied oy L9LL ‘TP8 'T0S €9V ‘79T 'SOT ‘621 £0S ‘P9 ‘86€ ‘vSE ‘TLT SOL & uoyr0ged/punoy pay oF
sse|n (++,009 ‘061 8S€EL STLX9L 1uel|ug/[eAQ MO||PA St
p»C9LL ‘6901 ‘808 96/ '£69
(zatenb) 1sAyiawy ‘Pov ‘05 '06€ ‘PSE ‘P9T ‘90T ‘871 €801 'LL8 '£9¥ '8S€E ‘997 ‘€1T roxzg uoyd00ed/[eAQ 3|ding vy
S9€EL /€01 gGEX09/L 1uel(juqg/|eArQ $$9[10]0D £t
sse| 15,009 '06% 09€L £SX8L Juel|ug/eAQ $5310]0D) v
(c1€9TL “ZLLL
(sulpuewie) 1auien ‘6E0L ‘LL6 'vL '8ES 'SSS ‘B0S ‘LSE LZ6 'L98 ‘€¥9 'S6S ‘195 '99€ ¥XTS 9N3S04/|BAQ pay L
09€lL 69 X8 wcm___:D\_mSO mmm_hO_OU or
¥OL ‘S6S SOXER q/(erQ uaaI9 6¢
P01 ‘086 ‘865 roxsg q/1eA0 usaIn :13
sse|D (41009 '06% 09€L 760 Jueljjug/punoy ssajiojoD LE
(1921 ‘LLLL ‘6EOL
(suipuewe) 1auley 'L16 '/ '8E9 'SSS ‘80S ‘LSE LZ6 '09S ‘v/€ ‘0SE £9x¢8 1uel|jug/|eAQ pay 9€
£0S '89% rLL @ 3119504/puUnoy pay (13
(Auopadjey) uepuie) 0w LOLL 'TH8 'TOS ‘€9 79T ‘SOT ‘6TL 60S ‘v9¥ SEL D 9132504/puUnoy pay 143
[1€9TL ‘LLLL ‘6E0L
(duipuewie) 13uien ‘L16 '/ '8E9 'SSS ‘80S ‘LSE LZ6 ‘198 '9¥9 ‘095 ‘99¢€ SEXSH anenbeg/aienbg pay €€
uoneoynuap| 2in1eJI3}l| WOl spueq uewey wu gg/ NN el spueq uewey (ww) szI5 1nd/adeys lojoD ‘ON

(panunuod) -1 3jgqey

SPECTROSCOPY

RAMAN

Journal of

834

J. Raman Spectrosc. 2014, 45, 830-837

73

Copyright © 2014 John Wiley & Sons, Ltd.

wileyonlinelibrary.com/journal/jrs



In situ study of stones adorning a silver Torah shield

Journal of

RAMAN
SPECTROSCOPY

N

Raman Intensity

T T
800 600

1000
Wavenumber/cm-!

T T T
1800 1600 1400 1200

Figure 2. Raman spectra of the blue stones at the periphery of the
shield: (a-c) nos. 3-5, which could be described as glass imitations and
(d) a single detected aquamarine no. 12 obtained in situ by using 785-
nm laser excitation.
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Figure 3. Raman spectra of the red garnets: (a) the first stage stone (no.
49) calculated using Miragem 5 as a almandine, insertion occurred when
the shield was initially created (b) no. 49 baseline corrected, (c) the sec-
ond stage stone (no. 36) calculated using Miragem 5 as mixture of alman-
dine and pyrope (65% and 23%, respectively), fitted later probably when
the shield was already in use, (d) no. 36 baseline corrected. Presented Ra-
man spectra were collected in situ by using 785-nm laser excitation.

collected by 785-nm laser excitation wavelength had either poor
quality (high background noise) or the strong calcite bands
where masking weak pigment features, especially resulting from
corals with less intense coloring, and therefore it was almost
impossible to conclusively distinguish them.

However, the two intense bands at 1517 corresponding to
stretching vibrations of —C=C— double bonds (v;) and
1128cm ™" due to the stretching vibrations of —C—C— single
bonds (v,) collected in the resonant mode (532 nm) could be
assigned as unmethylated polyenes,®” =% molecules with multi-
ple conjugated carbon-carbon single and double bonds. Their
general chemical formula is R—(—CH=CH—),,—R’ (n = number of

double bonds; R and R'=their terminal groups).”*” The intensities
of these Raman bands are significantly enhanced over the bands
of the calcite matrix, which are not visible in the collected spectra.
Using standard 785-nm excitation it was also possible in some cases
to detect, aside from calcite bands, weak features at 1520 and
1134cm ™, which are also characteristic of unmethylated polyenes
(as visible in Fig. 4). Recent studies have shown that different colors
of corals are due to the different mixtures of unmethylated polyenes
or carotenoids.*®*" For this purpose, we also tried to fit the v; band
with Gauss-Lorentzian peak fitting procedure (Fig. 4, spectrum in
the bottom right box) with the result of 3 peaks with wavenumbers
1516.8, 1530.7 and 1542.9cm™ . Thus, more than one pigment may
be present in the sample.

Discussion

The use of precious stones in Jewish ceremonial art could be seen
as early as in biblical texts describing the fabrication of the two
epaulets, or shoulder pieces, and the golden breastplate for the
high priest Aaron, which were mounted with various kinds of
stones symbolizing the different tribes of Israel (Exodus 28:
9-12 and Exodus 28: 17-21). A relatively detailed description
allows us, albeit with some reservations, to identify different
types of these adorning stones. For the modern era, from which
the vast majority of surviving Jewish ritual objects come, this
information does not have much explanatory power. Since the
existence of the First Temple of Jerusalem, religious rituals have
changed and gradually adapted to existing conditions, including
the emergence of new kinds of ritual items. The symbolism of the
stones was then complemented by the concept of the antique
and subsequently interpreted by Christian authors. In this
context, it is possible to mention the erroneous perception of
the breastplate of the high priest as a precursor to the Torah
shield, which was usually described by the Christian historians,

{—

Raman Intensity
o

1400 1200 1000 800 600 400 200

Wavenumber/cm-!

1800 1600

Figure 4. Raman spectra of red coral no. 56: (a) in situ with laser excita-
tion at 785 nm, (b) baseline corrected, (c) in situ with laser excitation at
532nm and (d) baseline corrected. The two bands, the v; at ~1520 and
v; at~1130cm™, are due to unmethylated polyenes. An example of a de-
composition of v, band obtained with excitation at 532 nm is presented
in the bottom right box.
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especially during the 19th century. However, in the Jewish com-
munity, this perception registered a minimal response.

The various kinds of Torah scroll decorations, which also include
those on the Torah shield, developed gradually over a very long pe-
riod of time. Their specific form is not normatively determined but
rather reflects the tradition, local conditions and style of the given
period, with the input of the person who ordered the object also
playing a role. From surviving religious objects we can conclude
that the use of precious stones as decoration of ritual items was
not too widespread in Central and Western Europe. A definite
exception is Poland, from whose territory the examined Torah
shield comes from, and in particular a very specific region of Galicia.

In some cases, it is quite difficult to determine whether the
stones were a part of the object at the time of its creation or
whether their presence is the result of subsequent modifications
and improvements. Among Torah shields originating in Prague,
we can only confirm with absolute certainty that the adorning
stones are original on one single specimen: an elaborate shield
from 1784 whose upper part is richly decorated with a number
of emeralds, rubies and pearls.*” In some cases, the non-original-
ity of the inserted stones can be determined by the continuous
relief decoration under the bed of the stones or by the rather
illogical position of the stones on the shield’s surface, while in
some cases, the subsequent addition of the stones is obvious at
first glance, such as on the Prague shield from 1810, whose mul-
ticolored round cabochons were implanted in roughly processed
copper settings.m]

The explanation for the relatively high incidence of precious
stones, or their glass imitations, which were mounted later is that pi-
ous members of the religious community, were making an effort to
participate in some way in the decoration of the Torah scroll. The
actual shields were usually quite large and made of silver, and there-
fore very expensive. Only the very wealthy members of the commu-
nity could afford to acquire them for the synagogue, while
complementing and improving existing shields allowed poorer
believers to take part as well. Other equipment of the synagogue
were supplemented and subsequently decorated in this way as well.

When considering the location of the stones on the surface,
their correspondence to the individual iconographic elements,
the methods of their implantation in the settings and the types
of cut of the stones, we can assume in the case of the examined
Torah shield that the insertion of the stones was done in two
stages. The first stage, when the shield was initially created,
includes most of the stones adorning the crowns (nos. 15-24,
27-33 and 48-53) and the corals mounted on the surface of the
shield among the branches of both of the trees (nos. 54-58). With
exception of the oval almandines set in the frame of the central
crown (nos. 18-20 and 22-24), which were probably not inserted
during the first stage due to the type of their cut and the setting
in the frames with nails. In their place appear to have been stones
of the same shape and cut as found on either side of the crown. All
of the other stones placed freely on the surface were inserted in
the second stage and for the most part are, according to Raman
spectra, glass imitations.

Conclusion

The tested portable Raman spectrometer equipped with a 785-
nm diode laser, offered good performance, high speed and
accuracy, for the identification of all of the gemstones and glass
imitations in situ at the Jewish Museum in Prague. In the case

of the red corals it was beneficial to use for the unambiguous
identification of their natural pigments resonance Raman mode
(another handheld Raman spectrometer using 532-nm laser
excitation). Multi-wavelength approach allows identifying even
minerals and pigments which previously would have been difficult.

According to Raman spectra, the surface of the Torah shield is
fitted with a set of stones: one blue aquamarine, three purple
amethysts, thirteen red garnets (all classified as high-percentage
almandines), three white pearls, fifteen pieces of red coral, five
chalcedonies (one white and four red) and 20 (a relatively high
amount) glass imitations.

The rather chaotic mixture of stones of various colors, cuts and
sizes and the total volume of imitation glass support the theory
that the material was gathered from Jewish households and
donated for the adornment of the shield.

We can assume that the insertion of the stones was done in
two stages. The first stage, when the shield was initially created,
includes most of the stones adorning the crowns and the corals
mounted on the surface of the shield among the branches of
both of the trees. All of the other stones placed freely on the
surface were inserted in the second stage. It is not possible to
determine exactly when the second stage of the insertion of
the stones occurred. It could have been due to the activities of
donors mentioned in the dedication inscription, meaning in
1846 or shortly before, but it could also have been an endeavor
of any of the community members in the subsequent period,
when the shield had already been used for a while.
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