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P all a di u m is a r ar e tr a nsiti o n  m et al t h at pl a ys a pi v ot al r ol e i n
m at eri als a n d c h e mistr y. P all a di u m ( P d)- c at al y z e d r e a cti o ns s u c h
as t h e  B u c h w al d - H art wi g,  H e c k, S o n o g as hir a, a n d S u z u ki -
Mi y a ur a r e a cti o ns ar e b e c o mi n g i n cr e asi n gl y i m p ort a nt b e c a us e of
t h e p o w er of  m a ki n g diffi c ult c o v al e nt b o n ds.1 H o w e v er, e v e n aft er
p urifi c ati o n, r esi d u al p all a di u m is oft e n f o u n d i n t h e fi n al pr o d u ct,
w hi c h  m a y b e a h e alt h h a z ar d. 2 W hil e t h e pr o p os e d di et ar y i nt a k e
is < 1. 5 t o 1 5 µ g/ d a y p er p ers o n 3 ( 1 0 p p m of P d i n a cti v e
p h ar m a c e uti c al i n gr e di e nts as a t hr es h ol d), 4 P d- c at al y z e d r e a cti o ns
oft e n pr o d u c e  m at eri als c o nt a mi n at e d  wit h P d at a  m u c h hi g h er
l e v el r e q uiri n g e xt e nsi v e p urifi c ati o ns a n d a n al ys es.3, 5 Alt h o u g h
t y pi c al a n al yti c al  m et h o ds f or P d d et e cti o n r e q uir e t h e us e of
e x p e nsi v e s p e ctr o m et ers ( at o mi c a bs or pti o n s p e ctr os c o p y,  X-r a y
fl u or es c e n c e, pl as m a e missi o n s p e ctr os c o p y), a  m or e d esir a bl e
a p pr o a c h  w o ul d r el y o n d et e cti o n  wit h t h e n a k e d e y e i n a hi g h-
t hr o u g h p ut f as hi o n.  H er e  w e r e p ort t h at  w e h a v e d e v el o p e d a
fl u or es c ei n- b as e d P d s e ns or t h at r eli es o n fl u or es c e n c e e missi o n.
W e f o u n d t h at  wit h a st a n d ar d fl u or o m et er, l ess t h a n 1 p p m of P d
c a n b e q u a ntifi e d fr o m a 1- m g s a m pl e.

P d( 0) is c a p a bl e of c at al y zi n g t h e all yli c o xi d ati v e i ns erti o n t o
cl e a v e t h e all yli c  C - O b o n d of all yli c et h ers A t o f or m P d
c o m pl e x es B ( Fi g ur e 1).6 T h es e c o m pl e x es t h e n r e a ct  wit h v ari o us
n u cl e o p hil es t o f or m c o m p o u n ds C a n d b y pr o d u cts D ,  w hi c h is
k n o w n as t h e  Ts uji - Tr ost r e a cti o n. 7 T h er ef or e, if A is n o nfl u o-
r es c e nt a n d D is fl u or es c e nt, s u c h a s yst e m c o ul d b e us e d t o
s p e cifi c all y d et e ct t h e pr es e n c e of P d( 0).  M or e o v er, si n c e P d(II)
c a n b e r e a dil y r e d u c e d t o P d( 0), P d(II) c o ul d als o b e d et e ct e d b y
t h e s a m e pri n ci pl e.

Fl u or es c ei n c o m p o u n ds ar e n o nfl u or es c e nt  w h e n t h e p h e n oli c
h y dr o x y gr o u p is al k yl at e d ( E )  w hil e str o n gl y gr e e n fl u or es c e nt
(Φ ≈ 0. 9)  w h e n t h e h y dr o x y gr o u p is d e pr ot o n at e d ( F ).8 T his
pri n ci pl e h as b e e n us e d f or v ari o us p ur p os es, pri m aril y i n bi ol o g y
f or fl u or es c e nt i m a gi n g.9 W e h y p ot h esi z e d t h at t his s a m e c h e mi c al
pri n ci pl e c o ul d b e us e d f or P d s e nsi n g i n a s c e n ari o  w h er e
c o m p o u n ds A a n d D c orr es p o n d t o E a n d F , r es p e cti v el y.

As s h o w n i n S c h e m e 1, all yl et h er 2 ( c orr es p o n di n g t o A a n d
E )  w as pr e p ar e d i n t w o st e ps fr o m c o m m er ci all y a v ail a bl e 2′, 7′-
di c hl or ofl u or es c ei n ( D C F) i n  m ulti pl e gr a m q u a ntiti es vi a t h e k n o w n
c o m p o u n d 1 .1 0 C o m p o u n d 2 w as c o n v ert e d t o c o m p o u n d 3
( c orr es p o n di n g t o D a n d F ) usi n g 0. 5  m ol  % of P d( P P h3 )4 i n
q u a ntit ati v e yi el d.  T h e s a m e effi ci e nt c o n v ersi o n  w as a c hi e v e d  w h e n
P d( O A c) 2 a n d P P h 3 w er e us e d i n li e u of P d( P P h 3 )4 .  C o m p o u n d 3
w a s 4 4 2 ti m e s  m or e fl u or e s c e nt t h a n c o m p o u n d 2 at λ e m )
5 2 6 n m ( p H 1 0 b or at e b uff er) a n d  w as as fl u or es c e nt as fl u or es c ei n.
B e c a us e b ot h of t h e P d o xi d ati o n st at es ( 0 a n d II) c o ul d b e pr es e nt
i n fi n e c h e mi c als a n d p h ar m a c e uti c al i n gr e di e nts aft er P d- c at al y z e d
cr oss- c o u pli n gs, t h es e s u c c essf ul tr a nsf or m ati o ns of 2 t o 3 a n d t h e
disti n ct fl u or es c e nt si g n als  w er e q uit e e n c o ur a gi n g a n d  w o ul d all o w
f or fl u or es c e nt d et e cti o n of P d s p e ci es.  C o m p o u n d 3 is s ol u bl e i n
b ot h  w at er a n d or g a ni c s ol v e nts a n d  mi g ht pr o v e t o b e us ef ul f or
fl u or es c ei n- b as e d s e ns or d e v el o p m e nt.1 1

I n t h e n e xt st a g e,  w e st u di e d t h e  m et al-s p e cifi cit y of t his
fl u or es c e nt s e nsi n g s yst e m ( Fi g ur e 2).  W e f o u n d t h at t h e c o n v ersi o n
of 2 t o 3 i n p H 1 0 b or at e b uff er usi n g P P h3 a s a r e d u ci n g a g e nt
a n d a li g a n d  w as p arti c ul arl y effi ci e nt  wit h P d a n d t o a l ess er e xt e nt
wit h Pt. It is n ot e w ort h y t h at ot h er π - p hili c  m et als s u c h as  A g,  Ni,
A u,  R h,  C o,  H g, a n d  R u di d n ot c at al y z e t h e d e all yl ati o n r e a cti o n
(2 t o 3 ).

W e t h e n pr o c e e d e d t o d e v el o p a q u a ntit ati v e  m et h o d t o s e ns e
P d. I n t h e p h ar m a c e uti c al i n d ustr y, 5  m g s a m pl es ar e r o uti n el y us e d
f or P d a n al ys es.  T h us,  w e s et o ut t o d e v el o p a fl u or es c e nt  m et h o d
t h at all o ws f or t h e d et e cti o n of e 5 0 n g of P d ( e 1 0 p p m f or a
5  m g s a m pl e).  T h e fi n al s ol uti o ns i n e a c h p H 1 0 b or at e b uff er
s ol uti o n c o nt ai n e d P d( P P h 3 )4 i n v ari o us q u a ntiti es a n d P d s e ns or 2
at 1 0 µ M.  Aft er 1 h i n c u b ati o n at 2 4 ° C, t h e fl u or es c e nt si g n al of
e a c h s a m pl e  w as  m e as ur e d.  As Fi g ur e 3 a s h o ws, fl u or es c e nt si g n als
w er e li n e arl y c orr el at e d ( R 2 ) 0. 9 9 3) t o t h e P d c o n c e ntr ati o ns fr o m
3 t o 3 0 0 n M ( 0. 9 5 t o 9 5 n g).  T o v erif y t h at t his s yst e m c a n d et e ct
P d(II)  wit h t h e s a m e s e nsiti vit y,  w e c o m p ar e d a P d( P P h 3 )4 s ol uti o n
wit h a P d Cl 2 - P P h 3 s ol uti o n.  As Fi g ur e 3 b i n di c at es, b ot h s a m pl es
e x hi bit e d n e arl y t h e s a m e fl u or es c e n c e i nt e nsit y, a n d P d Cl 2 wit h o ut
P P h 3 di d n ot c o n v ert 2 t o 3 effi ci e ntl y ( al m ost n e gli gi bl e; d at a n ot
s h o w n).  T h es e r es ults s u p p ort t h e g e n er alit y of t h e P d s e ns or s yst e m
f or b ot h P d( 0) a n d P d(II) u n d er r e d u ci n g c o n diti o ns.

T o d et er mi n e  w h et h er t his fl u or es c e nt s e ns or c o ul d b e a p pli e d
t o P d a n al ys es i n p h ar m a c e uti c al pr o d u cts,  w e pr e p ar e d a s a m pl e
t h at c o nt ai n e d a c o m m er ci all y a v ail a bl e as piri n t a bl et a n d P d Cl2 at
t h e 1 0 p p m l e v el.  A s ol uti o n of t his s a m pl e c o nt ai ni n g 1  m g of t h e
dr u g a n d 1 0 n g of P d Cl 2 w as a d d e d t o t h e p H 1 0 b or at e b uff er
s ol uti o n of P d s e ns or 2 a n d P P h 3 .  T h e fl u or es c e nt i nt e nsit y of t h e
r es ulti n g s ol uti o n  w as t h e n  m e as ur e d ( Fi g ur e 3 c) a n d c o m p ar e d t o
a p ositi v e c o ntr ol ( as piri n-fr e e P d s ol uti o n) a n d a n e g ati v e c o ntr ol
( P d-fr e e as piri n s ol uti o n).  T h e si g n als fr o m t h e P d- c o nt a mi n at e d
a s piri n s ol uti o n s  w er e n e arl y t h e s a m e a s t h e p o siti v e c o ntr ol s,

Fi g ur e 1. C orr el ati o n b et w e e n p all a di u m- c at al y z e d all yl et h er cl e a v a g e
a n d t his  w or k:  X ) H, F,  Cl, et c.;  Y ) C O 2 H, et c.

S c h e m e 1. Pr e p ar ati o n of  P d  S e n s or 2 a n d  P d- C at al y z e d
Tr a n sf or m ati o n of 2 t o 3
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supporting the robustness of the Pd sensing method under such
heterogeneous conditions.

An additional concern with Pd contamination is the reactors used
for Pd-catalyzed reactions. To test whether our method can detect
residual Pd in a reactor, a THF solution of Pd2(dba)3 was stirred in
a flask for 1 h at 24 °C. After standard laboratory washing procedure
(brushing with detergent, washing with water and acetone), the Pd
sensor solution was added to this flask and stirred for 1 h at 24 °C.
Presumably because of residual Pd on the glass surface, the solution
became more green fluorescent (Figure 4a, right) than a negative
control (Figure 4a, left), showing that this Pd sensing method can
be used for the quality control of reactors.

Current methods of discovering Pd/Pt-containing rocks (Pd and
Pt coexist in most rocks) involve atomic absorption analysis, which
miners cannot employ at the mining site. We wanted to determine
whether we can detect Pd in rock samples for Pd/Pt detection at
mining sites. Rock samples from mining were obtained from

Stillwater Mining. Rock stock solutions (50 µL each) were prepared
and mixed with Pd sensor solution for 1 h at 24 °C and the
fluorescent intensity of the resulting solutions was measured (see
Supporting Information). Rock B contains Pd/Pt (3.4:1, 120 ppm),
an economically viable quantity. Rock D contains 30% of Pd/Pt
compared to rock B. Rock A contains no transition metals and rock
C contains Au/Ag but no Pd/Pt. Only rocks B and D converted 2
to 3 and the fluorescent intensity was relative to the amount of
Pd/Pt in the sample. Rock samples A and C exhibited negligible
fluorescence demonstrating the viability of our sensor in Pd/Pt
detection at mining sites via a simple hand-held UV lamp (Figure
4b).

To demonstrate that Pd can be detected even without a UV lamp,
we prepared four PdCl2 solutions (Figure 4c). The Pd sensor was
added to vials 2 and 4, and dimethylglyoxime was added to vials
1 and 3. At a lower Pd concentration (vials 3 and 4; [PdCl2] ) 10
µM), only the solution containing our sensor (vial 4) exhibited a
color change detectable with the naked eye showing the usefulness
of our sensor.

In conclusion, we have developed a highly sensitive and robust
fluorescent method to detect small quantities of Pd regardless of
its oxidation state. Sensor 2 was readily synthesized and may find
other applications such as monitoring the presence of Pd(0) during
Pd-catalyzed reactions. Although each sample was incubated for
1 h in this study, Pd quantities can be determined after 5-10 min
incubation using a fluorescent plate reader. This user-friendly sensor
technology should greatly aid in the detection of Pd in both the
pharmaceutical and mining industries by enabling colorimetric
analysis of Pd that can be performed even by untrained scientists.
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Figure 2. Metal specificity: “Pd” ) PdCl2, “Pt” ) PtCl2, “Fe” ) FeCl3,
“Ag” ) AgNO3, “Ni” ) NiCl2, “Pb” ) Pb(NO3)2, “Mn” ) MnCl2, “Cd”
) CdCl2, “Au” ) AuCl3, “Rh” ) RhCl(PPh3)3, “Cu” ) CuCl2, “Mg” )
MgSO4, “K” ) KCl, “Cr” ) CrCl3, “Co” ) CoCl2, “Hg” ) HgCl2, “Ru”
) RuCl3.

Figure 3. Quantitative fluorescent analysis of Pd: y-axis ) relative
fluorescent intensity. (a) The linear correlation between Pd quantity and
fluorescence. (b) Pd(0) and Pd(II) show nearly the same signals: (left) no
Pd reagent; (center) [PdCl2] ) 2.0 µM; (right) [Pd(PPh3)4] ) 2.0 µM. (c)
Proof of concept for Pd detection in drugs: (left) no Pd; (center) PdCl2 (10
ng); (right) PdCl2 (10 ng) + aspirin (1 mg).

Figure 4. Further applications of 2. (a) Detection of Pd on the surface of
glassware: (left) The solution in a vial not exposed to Pd reagents; (right)
the solution in a vial exposed to Pd2(dba)3 (10 mg) in THF and washed
extensively. The photo was taken above a hand-held UV lamp (365 nm).
(b) Photo of Pd/Pt detection in rocks: rock A, no metals; rock B, 120 ppm
Pd/Pt; rock C, only Au/Ag; rock D, 35 ppm Pd/Pt (Pd/Pt ) 3.4:1). The
photo was taken above a hand-held UV lamp (365 nm). (c) Naked eye
detection of Pd: (vial 1) PdCl2 (1.6 mM), dimethylglyoxime (1% w/v in
ethanol) in 0.25 N HCl; (vial 2) PdCl2 (1.6 mM), 2, NaBH4 in THF; (vial
3) PdCl2 (10 µM), dimethylglyoxime (1% w/v in ethanol) in 0.25 N HCl;
(vial 4) PdCl2 (10 µM), 2, NaBH4 in THF.
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Supporting Information 

General Information 

All reactions were carried out under a nitrogen atmosphere with dry, freshly distilled solvents 

under anhydrous conditions, unless otherwise noted. Tetrahydrofuran (THF) was distilled from sodium-

benzophenone, and methylene chloride (CH2Cl2) was distilled from calcium hydride. Yields refer to 

chromatographically and spectroscopically (1H NMR) homogenous materials, unless otherwise stated. 

All reactions were monitored by thin-layer chromatography (TLC) carried out on 0.25-mm EMD 

silica gel plates (60F-254) using UV-light (254 nm), 2.4% phosphomolybdic acid/1.4% phosphoric 

acid/5% sulfuric acid in water, anisaldehyde in ethanol, or 0.2% ninhydrin in ethanol and heat as 

developing agents. TSI silica gel (230−400 mesh) was used for flash column chromatography. 

NMR spectra were recorded on AM300 (Bruker) instruments and calibrated using a solvent peak 

or tetramethylsilane as an internal reference. The following abbreviations are used to indicate the 

multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. High-resolution mass 

spectra were obtained by using EBE geometry. 

PdCl2, Pd(PPh3)4 and Pd2(dba)3 were purchased from Strem and used as received. Aspirin is a 

product of BAYER Co. 
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Experimental Section 

Compound 2. To a solution of compound 1 (4.80 g, 10.0 mmol) in CH2Cl2 (40 mL) 

was added DIBALH (48 mL, 1.0 M in hexanes, 48.0 mmol) dropwise over 15 min 

at -78 °C under a nitrogen atmosphere. The mixture was stirred for 5 min at the 

same temperature and then was warmed to 24 °C. After 2 h, Et2O (90 mL) was 

added and the reaction mixture was quenched with saturated aqueous NH4Cl (15 mL) at 0 °C. This 

mixture was warmed to 24 °C again and stirred for 1 h. A second portion of Et2O (180 mL) was added 

to the mixture followed by DDQ (2.50 g, 11.0 mmol) at 0 °C. After stirring 1 h at 24 °C, the mixture 

was filtered through Celite® and washed with EtOAc. The filtrate was dried over Na2SO4 and the 

solvents were evaporated under reduced pressure. Silica gel flash chromatography of the residue (5 → 

10 % EtOAc in hexanes) afforded compound 2 as a pink solid (3.43 g, 80%).  

Data for 2: mp = 167–168 °C; Rf = 0.69 (50% EtOAc in hexanes); IR (in CH2Cl2): 3385 (br, OH), 

3077, 2923, 2855, 1608, 1486, 1410, 1266, 1191, 1032, 875, 725 cm-1; 1H NMR (300 MHz, CDCl3, 

293K): δ 7.37−7.40 (m, 2H, Ar), 7.26−7.30 (m, 1H, Ar), 6.89 (s, 1H, Ar), 6.87 (s, 1H, Ar), 6.84 (m, 1H, 

Ar), 6.83 (s, 1H, Ar), 6.73 (s, 1H, Ar), 6.05 (ddt, J = 17.4, 10.2, 5.1 Hz, 1H, 2′′-H), 5.47 (ddt, J = 17.4 , 

3.0, 1.5 Hz, 1H, 3′′-Htrans), 5.32 (ddt, J = 10.2, 3.0, 1.5 Hz, 1H, 3′′-Hcis), 5.28 (s, 2H, 1′′′-H), 4.63 (ddt, J 

= 5.1, 1.5, 1.5 Hz, 2H, 1′′-H); 13C NMR (75 MHz, CDCl3, 293K): δ 154.6, 152.1, 150.1, 149.5, 143.6, 

138.6, 132.1, 129.6, 128.7 (two carbons), 128.6, 123.7, 121.0, 118.2, 118.1, 118.0, 117.2, 115.6, 103.7, 

101.5, 83.1, 72.3, 69.8;  HRMS (ESI+) calcd for C23H17Cl2O4 [M+H]+ 427.0504, found 427.0519. 

 

Compound 3. To a solution of compound 2 (855 mg, 2.00 mmol) in THF (20 mL) 

was added morpholine (192 μL, 2.20 mmol), sodium borohydride (90.8 mg, 2.40 

mmol) and Pd(PPh3)4 (11.6 mg, 0.01 mmol) at 24 °C. After 2 h, 3 N HCl (4 mL) was 

added very slowly to quench the reaction. The mixture was extracted with EtOAc, 

dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified by silica 

gel flash chromatography (10% → 60% EtOAc in hexanes) to afford compound 3 as an orange solid 

(772 mg, 99%).  

Data for 3: mp > 270 °C; Rf = 0.18 (50% EtOAc in hexanes); IR (in CH2Cl2): 3174 (br, OH), 

2930, 1634, 1593, 1584, 1521, 1347, 1273, 1043, 839 cm-1; 1H NMR (300 MHz, CD3OD, 293K): δ 

7.42−7.47 (m, 2H, Ar), 7.32−7.37 (dd, J = 7.5, 7.5 Hz, 1H, Ar), 6.85 (d, J = 7.5 Hz, 1H, Ar), 6.78 (s, 
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2H, Ar), 6.74 (s, 2H, Ar), 5.28 (s, 2H, 1′′-H). 13C NMR (75 MHz, CD3OD, 293K): δ 155.5, 151.3, 145.5, 

140.3, 130.7, 129.9, 124.7, 122.4, 118.2, 117.6, 104.5, 84.8, 73.2 (Although 20 peaks expected, only 13 

peaks detected); HRMS (EI+) calcd for C20H12Cl2O4 [M]+ 386.0113, found 386.0108. 

UV-visible spectroscopy. Absorption spectra were acquired on a Pekin Elmer Lambda 19 UV-Visible 

spectrometer under the control of a Windows-based PC running the manufacturers’ supplied software.  

Fluorescence spectroscopy. Fluorescence spectra were recorded in a 1 × 1-cm quartz cuvette on a 

Jobin Yvon FluoroMax-3 spectrometer under the control of a Windows-based PC running FluorEssence 

software. The samples were excited at 497 nm and the emission intensities were collected at 523 nm. 

All spectra were corrected for emission intensity using the manufacturer supplied photomultiplier curves. 

Preparation of stock solutions. A 10.0 mM solution of compound 2 (42.7 mg, 0.10 mmol) was 

prepared in DMSO (10 mL) and stored in a refrigerator for use. A 100 mM solution of PPh3 (262.3 mg, 

1.00 mmol) was prepared in DMSO (10 mL). A 1.0 mM solution of Pd(PPh3)4 (11.6 mg, 0.010 mmol) 

was prepared in  95:5 MeOH/DMF (10 mL). A 5.0 mM stock solution of PdCl2 (8.9 mg, 0.05 mmol) 

was prepared in 75:25 MeOH/brine (10 mL). Further dilution of the 5.0 mM stock solution of PdCl2 

with MeOH was done to prepare the 1.0 mM and 100 μM stock solutions. 

Aspirin (500 mg) was dissolved in methanol by stirring overnight. After filtration, the solvent 

was evaporated. The residue was dissolved in 50 mL of borate buffer (pH = 10.0, J.T. Baker) to prepare 

a 10 mg/mL stock solution. All other metal ion solutions were prepared at 1.0 mM in methanol (or 

methanol with small amount water). 

Preparation of analytic samples for fluorescence detection. To the borate buffer (5 mL, pH = 10.0, 

J.T. Baker) was added the PPh3 stock solution (5.0 μL, 100 mM). Different amounts of analyte (metal 

ion solutions or Aspirin solution) were added to obtain different concentrations, and the resulting 

solutions were agitated. To the mixture was added compound 2 stock solution (5.0 μL, 10.0 mM), and 

the samples were shaken again and incubated for 1 h before fluorescence measurement.  

Fluorescence  quantum yield measurements. Quantum yields were determined using fluorescein in 

0.1 N NaOH (Φ = 0.95) as a standard. To determine quantum yields relative to fluorescein, stock 

solutions of compound 2 and 3 were prepared in DMSO (1 mM) and diluted in phosphate buffer (pH = 

7.0, J.T.Baker) to OD < 0.09. 



 

S4 

Reactors contamination experimental procedure. To two 10 mL round-bottom flasks was added 

K2CO3 (10 mg) and THF (3 mL). To one of the two flasks was then added Pd2(dba)3 (10 mg). The 

mixtures in the two flasks were stirred at 24 °C for 1 h, and then all chemicals were removed. The two 

flasks were washed three times each with acetone and water and one more time with acetone. 

To the two washed flasks was added 5 mL of borate buffer (pH = 10.0, J.T. Baker), PPh3 stock 

solution (5.0 μL, 100 mM) and compound 2 stock solution (5.0 μL, 10.0 mM) at 24 °C. The solutions 

were stirred at the same temperature for 1 h, then a hand-held UV lamp (366 nm) was used to examine 

the fluorescence of the two solutions from the two flasks, and photographs were obtained with a digital 

camera.  

Comparison between spot test and current sensor system 

Vial 1: To a solution of PdCl2 (1.0 mg) in 0.25 N HCl (2.5 mL) was added dimethylglyoxime 

solution (1% w/v in EtOH, 1 mL). The resulting solution was agitated and incubated for 1 h. 

Vial 2: To a solution of PdCl2 (1.0 mg) in THF (3.5 mL) was added sensor compound (50 mg) 

and NaBH4 (10 mg). The resulting solution was agitated and incubated for 1 h. 

Vial 3: To 0.25 N HCl (2.0 mL) was added dimethylglyoxime solution (1% w/v in EtOH, 1 mL) 

and a PdCl2 solution (30 μL, 1.0 mM). The resulting solution was agitated and incubated for 1 h. 

Vial 4: To sensor compound solution (20 mg) in THF (3.0 mL) was added NaBH4 (5 mg) and a 

PdCl2 solution (30 μL, 1.0 mM). The resulting solution was agitated and incubated for 1 h. 

 

Spot test Pd sensor Spot test Pd sensor
[PdCl2] 1.6 mM 1.6 mM 10 μM 10 μM

Vial 1 2 3 4
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Rock samples preparation procedure 

 

5 g of rock species was fused for 1 h at 650 °C in an oven. After being cooled to room 

temperature, the melt was boiled in concentrated HCl (75 mL) for 15 min. After being cooled, 

concentrated HNO3 (25 mL) was added and soaked overnight. The resulting mixture was boiled for 2 h 

to evaporate to near dryness. After drying, aqua regia (25 mL) was added and evaporated to a wet salt, 

this mixture was dissolved and diluted with 100 mL of water, filtered, and the filtrate was kept for use 

as rock stock solution. 50 μL of the rock stock solution was added to sensor solution ([2] = 10 μM and 

[PPh3] = 100 μM in pH 10.0 borate buffer (5 mL)) to obtain the rock samples. 

Caution: During heating the samples with HCl or HNO3, the acid vaporizes. 
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1H NMR spectrum of compound 2: CDCl3, 293K, 300 MHz 
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13C NMR spectrum of compound 2: CDCl3, 293K, 75 MHz 
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1H NMR spectrum of compound 3: CD3OD, 293K, 300 MHz 
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13C NMR spectrum of compound 3: CD3OD, 293K, 75 MHz 

 


