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abStRaCt

7KH�QDWXUH�RI�WKH�ÀXRUHVFHQFH�LQ�WKH�IUHTXHQF\�VKLIW�UDQJH�RI�����±�����FP±� observed in the Raman 
spectra of many minerals when excited by a 785 nm laser has been investigated. Among the trivalent 
rare earths only Nd3+�KDV�WKH�FRPELQDWLRQ�RI�D�JRRG�LRQLF�UDGLXV�PDWFK�WR�VXEVWLWXWH�IRU�&D2+ and an 
DUUDQJHPHQW�RI�HQHUJ\�OHYHOV�WR�SURGXFH�ÀXRUHVFHQFH�LQ�WKH�IUHTXHQF\�VKLIW�UDQJH�RI�LQWHUHVW��5DPDQ�
ÀXRUHVFHQFH�VSHFWUD�RI�VL[�FDOFLXP�EDVHG�PLQHUDOV��QDPHO\�ÀXRULWH��FDOFLWH��SRZHOOLWH��VFKHHOLWH��DSDWLWH��
DQG�JURVVXODU�WVDYRULWH��KDYH�EHHQ�REWDLQHG�DW�ERWK�URRP�WHPSHUDWXUH�DQG�OLTXLG�QLWURJHQ�WHPSHUDWXUH�
DQG�WUDQVLWLRQ�DVVLJQPHQWV�PDGH�IRU�WKH�PDMRULW\�RI�ÀXRUHVFHQFH�OLQHV�LQ�ÀXRULWH��SRZHOOLWH��VFKHHOLWH��
DQG�JURVVXODU�WVDYRULWH��7KH�URRP�WHPSHUDWXUH�UHVXOWV�DJUHH�FORVHO\�ZLWK�UHVXOWV�RQ�LQGLYLGXDO�PLQHUDOV�
REWDLQHG�E\�SUHYLRXV�ZRUNHUV�IRU�ÀXRULWH�DQG�VFKHHOLWH��7KH�OLTXLG�QLWURJHQ�WHPSHUDWXUH�UHVXOWV�DV�ZHOO�
DV�WKH�WUDQVLWLRQ�DVVLJQPHQWV�IRU�SRZHOOLWH�DQG�JURVVXODU�WVDYRULWH�DUH�QHZ��7KH�1G�FRQFHQWUDWLRQ�KDV�
EHHQ�PHDVXUHG�E\�ODVHU�DEODWLRQ�LQGXFWLRQ�FRXSOHG�SODVPD�PDVV�VSHFWURPHWU\��/$�,&3�06��DQG�FRU�
related with Nd3+�ÀXRUHVFHQFH�LQWHQVLW\�ZKHUH�SRVVLEOH��)RU�ÀXRULWH��WKH�ÀXRUHVFHQFH�LQWHQVLW\�LQFUHDVHV�
at least linearly with concentration at levels up to a few parts per million and then saturates at higher 
OHYHOV�GXH�WR�FRQFHQWUDWLRQ�TXHQFKLQJ��$QDO\VLV�RI�URRP�WHPSHUDWXUH�5DPDQ�ÀXRUHVFHQFH�VSHFWUD�RI�
D�PXFK�ODUJHU�JURXS�RI�PLQHUDOV�DYDLODEOH�RQ�WKH�558))�ZHE�VLWH�VKRZV�WKDW�VWURQJ�RU�YHU\�VWURQJ�
Nd3+�ÀXRUHVFHQFH�LV�PXFK�PRUH�OLNHO\�LQ�FDOFLXP�EDVHG�PLQHUDOV�WKDQ�LQ�QRQ�FDOFLXP�EDVHG�RQHV�DQG�
is completely absent for minerals containing iron in the chemical formula. Nd3+�ÀXRUHVFHQFH�LV�EHVW�
XQGHUVWRRG�LQ�ÀXRULWH�DQG�OHVV�ZHOO�XQGHUVWRRG�LQ�WKH�RWKHU�¿YH�PLQHUDOV��)XUWKHU�VWXG\�RI�FDOFLWH��
DSDWLWH��DQG�JURVVXODU�WVDYRULWH�LV�QHFHVVDU\�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�WKH�FKDUJH�FRPSHQVDWLRQ�
PHFKDQLVPV�DQG�LQFUHDVH�WKH�QXPEHU�RI�LGHQWL¿HG�WUDQVLWLRQV�LQ�FDOFLWH�DQG�DSDWLWH��7KH�UHVXOWV�RI�WKLV�
work indicate that Nd3+�ÀXRUHVFHQFH�LQ�FDOFLXP�EDVHG�PLQHUDOV��ZKHQ�H[FLWHG�E\�D�����QP�ODVHU��KDV�
SRWHQWLDO�XVHV�LQ�WKUHH�DUHDV��PLQHUDO�LGHQWL¿FDWLRQ��VWUXFWXUH�FKDUDFWHUL]DWLRQ�DQG�GHWHUPLQDWLRQ�RI�
WUDFH�HOHPHQW�FRQFHQWUDWLRQ�
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intRoduCtion

Raman spectroscopy is widely used in the identification of 
minerals and gems because each particular chemical species has 
D�XQLTXH�5DPDQ�VSHFWUXP��ZKLFK�LV�WKH�UHVXOW�RI�LWV�FKHPLFDO�
FRPSRVLWLRQ�DQG�FU\VWDO�VWUXFWXUH��7KH�WHFKQLTXH�LV�SDUWLFXODUO\�
useful for distinguishing members of a series in which the Raman 
spectra are similar but show small but measurable differences in 
WKH�SRVLWLRQV�RI�WKH�VSHFWUDO�OLQHV��,Q�JHP�LGHQWLILFDWLRQ��5DPDQ�
VFDWWHULQJ�LV�D�TXLFN�DQG�QRQ�GHVWUXFWLYH�PHWKRG�RI�GLVWLQJXLVK�
LQJ�DXWKHQWLF�JHPVWRQHV�IURP�FKHDSHU�LPLWDWLRQV��-HQNLQV�DQG�
/DUVHQ�������

7R�UHGXFH�XQZDQWHG�IOXRUHVFHQFH��WKH�LQIUDUHG�����QP��VRPH�
WLPHV�����QP��WLWDQLXP�VDSSKLUH�ODVHU�LV�RIWHQ�XVHG��+RZHYHU��
even with the 785 nm laser, fluorescence is often observed 
DQG�KDV�JHQHUDOO\�EHHQ�DWWULEXWHG�WR�WKH�SUHVHQFH�RI�UDUH�HDUWK�
LPSXULWLHV�� ,Q� WKLV�SDSHU��ZH�DQDO\]H� WKH�5DPDQ�IOXRUHVFHQFH�
spectra of several minerals excited by a 785 nm laser and give 
strong evidence that most of the observed fluorescence in the 

IUHTXHQF\�VKLIW�UHJLRQ�RI�����±�����FP±� is due to the presence 
RI�D�VLQJOH�W\SH�RI�UDUH�HDUWK�LRQ��QDPHO\�1G3+��,Q�VRPH�FDVHV��WKH�
characteristic pattern produced by the crystal field is a reliable 
fingerprint of the host crystal and may itself be used for mineral 
identification where the true Raman spectrum is unreliable or 
masked by the fluorescence.

Energy levels of rare-earth ions
7KH��I�HQHUJ\�OHYHOV�RI�IRXU�WULYDOHQW�UDUH�HDUWK�LRQV�DUH�VKRZQ�

LQ�)LJXUH����:KHQ�D�UDUH�HDUWK�LRQ�LV�LQFRUSRUDWHG�LQWR�D�FU\VWDO�
DV�DQ�LPSXULW\��WKH��-���GHJHQHUDWH�OHYHOV�RI�WKH�LRQLF�PXOWLSOHW�
are split by the crystal field by an amount of up to a few hundred 
cm±���)RU�H[DPSOH��WKH�JURXQG�VWDWH�PXOWLSOHW�RI�1G3+, namely 
4,���, has 10 degenerate levels and in all site symmetries other 
than cubic is split into 5 doubly degenerate Kramers doublets. 
$OVR�VKRZQ�RQ�WKH�HQHUJ\�OHYHO�GLDJUDP�DUH�OLQHV�UHSUHVHQWLQJ�
WKH�WUDQVLWLRQ�HQHUJ\�SURGXFHG�E\�D�����QP�ODVHU���������FP±����
These lines lie close to some energy level of each of the four 
UDUH�HDUWK�LRQV��QDPHO\�WKH�4)��� level of Nd3+, the 6)��� level of 
Dy3+, the 4,��� level of Er3+, and the 3+4 level of Tm3+. Absorption �(�PDLO��5LFKDUGB6WLPHWV#XPO�HGX
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