
��UI�&VSPQFBO�$SZTUBMMPHSBQIJD�.FFUJOH���SE���UI�"VHVTU������3PWJOK�$SPBUJB

T����``````````````````�``````````````````�``````````````````�``````````````````�```````````�Acta Cryst.�	����
��"���T���

'JHVSF� ��� 4DIFNF� �� 4USVDUVSBM� MJOF� EJBHSBNT� BOE� BUPNJD
OVNCFSJOH� TDIFNF� PG� UIF� IPTU�/J	/$4
�	JTPRVJOPMJOF
�� BOE� UIFYZMFOF�JTPNFST

,FZXPSET��8FSOFS�DMBUISBUF�TFMFDUJWJUZ�UPSTJPOBM�GMFYJCJMJUZ

MS30-P28�*OUFSBDUJPOT�JO�SBSF�FBSUI
DPPSEJOBUFE�DPNQMFYFT�HSPXO�GSPN�JPOJD
MJRVJET��BQQMJDBUJPO�UP�UIF�FYUSBDUJPO�BOE

TFQBSBUJPO�PG�SBSF�FBSUIT
+FSPFO�+BDPCT��#JOOFNBOT�,PFO��7BO�.FFSWFMU�-VD�

��� #JPNPMFDVMBS� "SDIJUFDUVSF� ,6� -FVWFO� $FMFTUJKOFOMBBO� ���'
�����-FVWFO
���-BCPSBUPSZ�PG�*OPSHBOJD�$IFNJTUSZ�,6�-FVWFO�$FMFTUJKOFOMBBO
���'������-FVWFO

FNBJM��KFSPFO�KBDPCT!DIFN�LVMFVWFO�CF
&YUSBDUJOH� BOE� TFQBSBUJOH� UIF� SBSF� FBSUIT� JT� B� IJHI

EFNBOEJOH� QSPDFTT� EVF� UP� UIFJS� TJNJMBS� DIFNJDBM
QSPQFSUJFT��5IF� UPQJD� UP�SFDZDMF�BOE�TFQBSBUF�NJYUVSFT�PG
SBSF� FBSUIT� GSPN� TDSBQ� IBT� CFFO� B� NBKPS� SFTFBSDI� UPQJD
PWFS� UIF� MBTU� GFX�ZFBST� <�>�EVF� UP� UIF�EJNJOJTIJOH�PG� UIF
SBSF� FBSUI� SFTFSWFT� BOE� TBGFLFFQJOH� PG� PXO� TUPDL�� 4JODF
����� JOEVTUSZ� VTFT� B� MJRVJE�MJRVJE� TPMWFOU� FYUSBDUJPO
NFDIBOJTN� CZ� DPPSEJOBUJOH� UIF� NJYUVSFT� PG� SBSF� FBSUIT
XJUI� BO� FYUSBDUJOH� BHFOU�� &BDI� FOUJUZ� JT� EJTUSJCVUFE� PWFS
UIF� BRVFPVT� BOE� PSHBOJD� QIBTF� XJUI� FBDI� DPOTFDVUJWF
FYUSBDUJPO� JNQSPWJOH� UIF� TFQBSBUJPO� BOE� QVSJUZ� PG� UIF
FMFNFOUT��0VS�SFTFBSDI�GPDVTFT�PO�JNQSPWJOH�UIJT�QSPDFTT
CZ�VTJOH�JPOJD�MJRVJET�BT�FYUSBDUJOH�BHFOUT�BOE�MPPLJOH�BU
UIF�GPSNFE�FOUJUJFT�BU�B�TUSVDUVSBM�MFWFM�BT�DVSSFOU�SFTFBSDI
JT� TPMFMZ� CBTFE� PO� DBMDVMBUJOH� UIFSNPEZOBNJDBM
QBSBNFUFST� PG� UIF� FYUSBDUJPO�TFQBSBUJPO� QSPDFTT�� 8IFO
EJTTPMWJOH� B� SBSF�FBSUI� TBMU� JOUP� BO� JPOJD� MJRVJE� UIF
FMFNFOUT� BSF� DPPSEJOBUFE� CZ� UIF� BOJPOJD� FOUJUJFT� PG� UIF
JPOJD� MJRVJE� UP� GPSN� BO� BOJPOJD� DPNQMFY�� 5IF� PSHBOJD
DBUJPO�PG�UIF�JPOJD�MJRVJE�OFVUSBMJ[FT�UIJT�BOE�NJHSBUFT�UIF
SBSF� FBSUI� UP� UIF� PSHBOJD� QIBTF�� %JTUVSCBODFT� JO
JOUFSBDUJPOT�CFUXFFO�UIF�BOJPO�BOE�DBUJPO�DBO�DIBOHF�UIF
MFWFM�PG�NJHSBUJPO��#Z�TUVEZJOH�UIFTF�LFZ�JOUFSBDUJPOT�XF
USZ�UP�SFMBUF�UIFN�UP�UIF�PWFSBMM�FYUSBDUJPO�QSPDFTT��`
%JGGFSFOU�SBSF�FBSUI�TBMUT�XFSF�EJTTPMWFE�JO�JPOJD�MJRVJET

DPOUBJOJOH�~�EJLFUPOBUF�BOJPOT�BOE� MBSHF�PSHBOJD�DBUJPOT
TVDI� BT� ��BMLZM���NFUIZMJNJEB[PMJVN� PS
UFUSBBMLZMBNNPOJVN�� "GUFS� FYUSBDUJPO� DSZTUBMT� XFSF
HSPXO� GSPN� UIF� PSHBOJD� QIBTF� BOE� NFBTVSFE�� $VSSFOU
SFTFBSDI�SFTVMUT�TIPX�UIBU�B�OPO�DMBTTJDBM�IZESPHFO�CPOE
JT� QFSTJTUFOU� BDSPTT� UIF� EJGGFSFOU� NPMFDVMFT� XIJMTU
$�)¬'� JOUFSBDUJPOT� CFUXFFO� UIF� DBUJPO� TJEF� DIBJO� BOE
IBMPHFOT� PO� UIF� ~�EJLFUPOBUF� BEE� FYUSB� TUBCJMJUZ� UP� UIF
DSZTUBM� TUSVDUVSF�� 8IFO� DPNQBSJOH� UIFTF� TJEF� DIBJO
JOUFSBDUJPOT� XJUI� TPMVCJMJUZ� EBUB� XF� OPUJDFE� UIBU� UIFTF
IBWF� B� NBKPS� JNQBDU� PO� UIF� TUBCJMJUZ� BOE� UIFSFGPSF
FYUSBDUBCJMJUZ�JO�UIF�PSHBOJD�QIBTF��4USVDUVSFT�GPSNFE�XJUI
��UIFOPMZUSJGMVPSPBDUZMBDFUPOBUF� BOJPOT� IBWF� MJUUMF� UP� OP
JOUFOUJPO�UP�GPSN�TJEF�DIBJO�JOUFSBDUJPOT�MFBWJOH�UIF�BMLZM
DIBJOT�PG� UIF�DBUJPO�EJTPSEFSFE�XIJMTU� TUSVDUVSFT� GPSNFE
XJUI� IFYBGMVPSPBDFUZMBDUPOBUF� IBWF� TUSPOH� TJEF� DIBJO
JOUFSBDUJPOT�XIJDI� MFBET� UP� B� CFUUFS� QBDLJOH� BOE� DSZTUBM
TUBCJMJUZ�
<�>�%VQPOU�%���#JOOFNBOT�,��Green Chemistry, ����

����������
,FZXPSET��3BSF�FBSUIT�*POJD�MJRVJET�JOUFSBDUJPOT


