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o3 5 4 v IR T 1 155 P A B O R % T B R h 2 B O (SERS) I M A RUCR . SR A
THEREFREIR S iR (Auy), PLIAE N SERS i MEFEE . R FIHKIR (98 K)SERS K6l A 52 B %) e
BEor T2 558 (CV) FAEBER K i LR 35 A PR . SR BRI S0 285 R W i 296 K T, Augy BLRXT CV
S FRRAR (LOD) iK% 1012 mol/L, JF HAF5¥57; ki 98 K B, CV 431 LOD 7l 3k 10 * mol/L, Lt 296 K
BB AS 2 AN B . e, T Ay F8 R X AR B ER K b (9 ILIF 2E AT JE bR ORI . 45 S 2B, F IR 296 K B iZ
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P& ETEAF 55X R A 29, I AROERR T
i FPEOGI TR, TR R B F R,
RN R ST SN W 7 N WY s T RV b2y TSTa L/ K i ok 7/
A AR A A T 5l e A i S R AR 22— (10131,

1% SERS He A M) S HE N 2= 7E T P e 3G o
FRRHI . B EEEIE Au, Ag, Cu SE44K
P A0 B A5 ph R 1 ey B T A B OT kPR (LSPR)
Fevk, A mROT eIk ke gy, HAER]
UURSTIRAI S ot T S e VR T W 1 OB 2 Ol IR € Y =
LSPR AW 7 A 1 Jry Bl s () LR 37, T DA ik 2 4
SR F P EAE SR, MO HET SERS 200 ik
HR & Z K. HArkSsE SERS M7k 2L
AUFIUAST I 1) /55 & bk 53 8 — 4k
WAL 18] e AR SE MRS A 2) FHSEHERY 200
SN SIS R ZER A TP i 2%, PO FURRIR 9K 2
Fa5 3) R AR G TR B 2 0 B | A L R
KOG IR, Ed i) SERS
FEIRAE T A R AR P AR AT S BB, IRATT DI R B2
7, RAMGE D Aok — 24 S 48 SERS JKHY
HERRCR D0 JRIS TR S IR . BT EIRR
15 B0 T AT LU 55 4 T8 fi A IR 20 I 9820 5 Rl
BWOR B FIE S, s 2%, AR et
TIAEFHRMAEBAICK, & SERS A H LTS
Fnsik, BPRMA SERS {55 15% , X ALIRUE T 3C
HRIZEE.

2021 4F, Wen 4519 {1 H 290K Ag/Au@Au
AR SERS I H T AL WUEF A9 Tom id ks
W, 25 F I, 1% SERS JiK % I ULEF A9 LOD
15 x 109 mol /L, ZRMHEAARRECH 0.96. Zhu 5520
TS — N TR B R 4 B D R K NS IRTR
WL S B k. SRS, SRR ) &I h
SERS F&JiE, it 45 =CH7 2o i SO s R A 2
PRUE P AIWLER BE . TS FOCAL T A [l R ot
o 0 HILEF o 3 28 AR (s, LA S R 4 5 T e
IRZI. e J5 Y LOD A 1.45 mg/L. Kullavadee #l
Aroonsril?! $3E KU 4 IR0 4R OK S5 48 SR FL i I
FEFH T Jobm e A Bt LIRS I pH {E
RbF 5—7 MG hs R I R4 ) LT AR
RE. WA N TR AT LB 538, 2 BLEA 58
ZEVENA R (1 pmol /L—10 mmol /L) ) BL - 53 4%
F11.47 pmol/L HRAINRR. Ak, A TAEHRIE,
T W A 9K BORL Y LSPR i iR 7E 6O 7 &
DiRe R gKiEiE b 22, ] DA R | R gkt
R LSPR 4. FIFNZELS, X6 B fa IR H 1) =

FhEZ G R T, BE A& LB AR R
PL2AF S IRBEEIAT T Al SRR R A s Ak, =3 X
f) B AR 9 B 3 0 0.1, 0.2 F1 0.6 pg/mL. Yang
BRI 23] 38 7E 4 )R A HUHEZE AR AR Au )
KURL, 53] T Au@MIL-101(Fe) & & L%, 168
HAEFR, WLEF27 77 Lk ASLBRH, Sh A 30
£ ZILRXT LA LOD 4 0.1 pmol /L. 22,
FANGURH T 2okt SERS 3L, K
A5 M AURT . PR ALEFAS I 0 i 3 4 5. R, Iy WL
T DR AL Py 5 B ARG == 20 S i 30 990 BT, T 73R
Jrad AR, T B A K P LI . 341,
A AT A

AR Augy 1E R SERS LK, LGS M
(CV) ARE 1, S5 R T %=1 (296 K) AILIR
(98 K) IR BER . 4558 % R == I, LOD
K= 102 mol/L; fIRIRET, CV ¥ A FRFEALE
10" mol/L. X R, Ik o] Lhith— 2552 i ko A
FE. BTk, ARSI LT 296 K AT 98 K 1Y
Az R K P B LEFIRRE , 2 BRI A0 R E 16
S B IV BRSNS BE R — 2D B e, 33 A vt U
St LRI AR AL T A S B

2 SLIRED A
2.1  Auy BRiEEHEE

AR S 3638 o A AR B R Auyg. B
i 0.01 mol /L 442 (HAuCL,, FiHEEZY, sl
50 mL, 0.01 mol /L ¥4 (NayCeHs0,, 2 5k
AL Sat) 20 mL K 0.1 mol /L BliEf ks (NaBH,,
HERIRL T, 23 Hr4l) 20 mL. K 0.25 mL HAuCl,
1 0.25 mL NayCH;0; 18 &, # 1 5t #F 3 min,
JMA 0.3 mL NaBH,, 7E= R F#HE 3 h, 1528k
WD, K5 B 0.05 mol/L Al 0.1 mol /L 4+
ANIEHL = R AL B (CTAB, FigBTHRL T, 24T
4li) 4 100 mL, 0.1 M HTIRMAR (AA, bR ],
Ay Fraf) 20 mL. B 1 mL E W OF 1 mL AA $i
FE 10 min, 4 2] £ 6% WO, B 1 mL & BO.
0.2 mL HAuCl,,7 mL CTAB #1 0.1 mL AA i}
¥I5], ##E 12 h, 458048 T PR Auy. B WE
OETE 3 WK, TR T aRE A B A AR T,
T CVorF A7+ 1) SERS #R5¢.

2.2 SR BRH B &
I FH PG RR e e B A i) 28 4 g R SBOREAE R
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XFREZH. B 0.05 mol /L ) CTAB 5 mL, fill A&
FIKFRFEZE 10 mL, # Au AT, FH 1064 nm
WL (B LR 900 V, B K 10 Hz) keilt Au
30 min, THERLER A T4 SERS TERERFSE.
#EA 10 min, PAEEE 4000 r/min FIEEELL 15 min,
R L2V 88T B TTE I R, ¥4
TTERE R LB T4 .

2.3 HFBERMEE

2.3.1 CV(Sigma, % #74k) B iR 4B E
FREX 4.1553 mg CV [EFMARAE T 10 mL LEE

Hh, #EREYS), #5951 10 mol /L 9 CV I B 1 mL

ik CVIERET 9 mL 28, £45] 10 mol /L

) CV . AHCRHE, sl fke, 23nilk1e 10 °—

10 mol/L ) CV .

2.3.2 BT (MCE, 5 #74k) Bk 9B E

PRI 1.131 mg WUET B 448 K ¥ F 10 mL 4=
FRER K, A5, 455 10 mol /L LB
B 1 mL FIR LA T 9 mL A= B K 15
F| 10" mol /L JILEFAR. VAL, S Re, 4
RS 103106 mol /L A LB,

24 NBENE

SR AR, R AR W 2T
T (UV-1800, Shimadzu) iR, 7] LLRAF 4
& 7 AR AU . 2K S5 4 1Y) 3R DR S TE T
# X Gk fe it (o i (EDS) MR AR TR B T 17
8 (FIB, Helios G4UC) F #EATWLZEHY . F)H
Ay T B EE (TEM, model JEM-2100F)
2 ORI B B s R AE . R XS e AT A
(XRD, Smartlab 3 kW) K75 i 4% 2544, SERS Il
ECRHT 50 x e AR HRET P2 Y (Reni-
shaw $L 2 G1E) RAENE S, LA Renishaw =25
TR ESE 532 nm BOLRHE MR IR, BIAAFE
FELFTETRLZH 0.5 mW, FHE 10 %, ik B
P 1 s, () SR Linkam 25 3 o 35 47 3 28 45
il PrA LSS E S b b BT BRI

3 #XR5i%®

B, KA T M (SEM) X Fh 1%
P22 U Ay BIZRIDE ST T 0128 3RAE, I

Kl 1(a) Fi7R, RIUBRR /NS dE—23d ik
WLAR o A0 VPG 0B ) RS e 35501 Wl 1(b)
Fi7R, RIEAR A 3541 nm AYPURL S FLZ4h 60%,
UL Ay FIPRIARI A SE LB 2. 8] 1(c)
&A% TEM, ¥ 0 78 Aoy P58 BT S B IE /S 1
. K& 1(c) Hr ke X R3] T HRTEM K
% (8 1(d)), JBR T Aug MIZ5HI 407, B PR
) A% 454 0.235 nm XA F Au i (111) @i, I
LA T 5 T 22 [0 T T AT P 2 e

,\
=2
=

i
=
=)
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Q (e}
(e} =
S o

0
0 8 16 24 32 40 48 56
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B 1 (a) Auy 9 SEM; (b) RiAR 47 5 (c) Auy ) TEM;
(d) Auy H975 53 92 HRTEM

Fig. 1. (a) SEM image of Au icosahedron; (b) statistics of
particle size distribution of Au icosahedron; (¢) TEM image
of Au icosahedron; (d) HRTEM of Au icosahedron.

YERRT IR, SR O ERe i iy 23K T IR
S A BRIBURL, AR 53 A0 S AE 35— 45 nm Y [l
. El 2(a) EELAECT SBREAIES SEM K,
TRRAECT B TEM (& 2(b)) 15t s & )
SRR B R AT A O T R X Ak
Ay WEEHP-AT W-3E LT MO ETE AT RAE, KB
EAT LSPR 4RI /3547 F 526 A1 533 nm. il
W, UBEH S A m AR R R 1T LSPR AL RIGAH
VCRCI A SR T, SRR & LSPR FE,
T B BURL BT, 4 5002 U 2 [ 174 [ B X35
FEAE A i ) SRS L A, T R A S AR R 1) L Rk

KRR ARBERIE T X — 8. BT, 755
ey pre A R, SR S PR K4S LSPR
WEEXIVE LAY 532 nm HIBOEHE ARG
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Fig. 2. (a) SEM image of Au particles; (b) TEM image of Au particles; (¢) UV-vis-IR absorption spectra of Au particles and Au

icosahedron.

W A ERILICAT Ay, FEIR M 51R LT 1 mL ¥k
FE2 107 mol/L i CV FW T, HARBT, iR T
47 SERS PEREMIR, XT HLZ5 R AanE 3 s, 4
7R, 7E 600—1800 cm ! JEREI, LA Au BRFI Auy, 1
9 SERS LK, ABAT LASCIL CV B A7 R ik 0 Ao RS ff
B, 5 LARTAYRGE S R — 3 B33 Horp, 7T 729
F761 em ' AMAYERIEIEIENFER C—H 8925 HH; 808,
918 1 1179 cm ! &by 53 C—H MYTH N AR AR
A PR B A 5, 1378 F 1619 cm ! AbFIAFAF I
KPR TIEMPN C—C FN—ZEIER RS, it
BF, DL 1619 et AR I B ARRAIE 05 8 iR B HE— 204
fEPIFPIE KT SERS {55 Mg sm . IR, LU
Auyy MELK, HAFIEWEXT R Y SERS 5% B 7l LAk
F] 12000 arb.units, 29 Au ERFEJEXT N, SERS i
JEM 2 f5. R T iE— 2 0 F HIE SR AL, A% ORI
COMSOL #4147 I A FR 22 73 (FDTD) £44,
WFFE T B G BRATBAAS Ay 22 T AY AR X £ 35
FE (|E|/|Ey|, B3| E|'5 A ST 35| E|W HLfE). #8

y/nm

—40

—20 0 20 40

z/nm

A 4

y/nm

AT B 22 43 (FDTD) R84 A X A 37 5 32

fis: SERS 52 46 H i 1 A9 O B 1, FDTD #3489
NG 532 nm, HHEE 1(c) FIE 2(b) M55
PRI A SO G BR AR BCEY 37 nm, Auyy KK
18 . AEA [ (9 €5 L ie A o B T %
F, 18 A(a) I A(b) MBI T PIHERE LSPR

=
(V)
T

—— Au icosahedron
—— Au particles

=
o) =)
T T

Intensity /(103 arb. units)
o

800 1000 1200 1400

Raman shift/cm~—!

1600 1800

[#'3  WEF 107 mol/L 1 CV 43T/ BIFE A ERFLE A Auy,
L% 19 SERS il

Fig. 3. Raman spectra of CV molecules with concentration
of 107 mol/L on gold sphere and Au icosahedron sub-
strates respectively.

=N W kR oo N

z/nm

(a) & BK; (b) Auy

Fig. 4. FDTD calculations of relative electric field intensities for longitudinal and transverse plasmon excitation of individual:

(a) Au particles; (b) Auy.
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et

= o ]
/AR Y
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(c)
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Concentration arb. units
/mOlL™) 1536 cm=1 1587 cm~1 [ 1619 cm-1

10-6 5469.2 14935.7 21770.0
10-7 3324.0 8646.8 12462.7
10-8 1848.8 5965.6 7514.0
109 915.0 2086.1 3775.4
10-10 359.9 1191.2 1490.6
10—t 277.0 579.6 709.9
1012 83.0 168.4 390.0

(b)

n
h=t
g 15 1
o)
5 10 4
S
—
< 51
2
z
g 0 T T T T T {
E] 300 600 900 1200 1500 1800
Raman shift/cm~!
(d) 16
o 14+ 1619 cm !
=
e W
5 12}
2
-
s 10}
= 1587 cm !
—
< 8r w
>
Z
@ 6l
g
S 4t 1536 cm !
) AWM
0 5 10 15 20

The number of points

Bl 5  (a) N (10 ©—10 2 mol/L) A CV 4> F SERS 3ti%; (b) 10 7 mol/L i CV 4> FBEHL R 5 20 4 55 A SERS J& i (c) Xt
NLE (a) 13 AN 3R BEAE; (d) XS L IET (b) rf 3 A e o 06 10 i B2 A8 A T 2
Fig. 5. (a) SERS spectra of CV molecules with different concentrations (10 ~10 2 mol/L); (b) SERS spectra of 20 points of CV mo-

lecule (10 7 mol/L) randomly collected; (c) intensity values of the three peaks in panel (a); (d) variation curve of the intensity values

of the three peaks in panel (b).

WO T R o A S . AR, TE Auyy MR
FAAL B SR A AR X LR B B R AR
@ I E A AT SERS iG MR &, 451 5K 3
H ) SE G 25 R — 3. FET UL, FRUGIE] Auyy 2544
(P Sk, LLHAE R SERS HLJiE, A BB &
A3 IR R

TERIRTLL Augy MEUIR, 89T T CV 1Y SERS fx
i LOD, JAFHEIE WA 5(a) BiR. CV 4 FHkEE
M 106 mol /L F&Z 10 12 mol /L, Yl rRFiE g s &
TR AR, EEEFEA. Fan, 2T 1619 cm ! &b
FIRFAEIESEEE M 1076 mol /L XY 21770 arb.units
TFEE]T 1012 mol/L XA 390 arb.units. il A
JREL I, B CV 43 F YRR Z 102 mol/L,
HEBREIES BRI S, L, FIRT Auy
X} CV 1 SERS fe AR FRZ5 4 10 12 mol /L. H
T 5(a) JGBMIEESKZ, R T I WHER
IG5 B Bk 1 A8 Ak, 18] 5(c) B T 1536, 1587
F11619 cm ' WERYSREE(E. BLAL, HE— 20X Auy, JE
AP TIRSY, SRR 10 7 mol /L i CV

I3 FXTBENLR SR 20 4> 50/ SERS ik k1753
Br, LI 5(b). [EEF, & 5(d) 44T 1536, 1587 Al
1619 cm ! WEFEIX 20 > s AR A5 (R, 0
R BRI M P 5 B AR AR BE AN K, U6 LA
5], A SERS PEREAIFRFT AL T HR .

B W55 H2 38 10-1834) SR PR IR 25 1R 7T LA
SCHI IR 55 b A B IR Bl D R TR, AR —
FREE L3 = TR T A EAE R, WA 20
HL T2 5 Rl S5 B o R, I 4t v PR R iR sk
J N TEEX— s, AR EREE (107 mol /L)
1) CV 43T IEH 0, TEANHEST T IR AR
P SERERTIN. B R T oR R, AL
MR T 20 4N, G5B TR CV RRAEIg Y 5 B A8 1k
AR/, LA HE I HE A ). W RR 435 1Y R PR L T
DL E TR (296 K) Pife 22 il IR 98 K, 42T
ey s AREREHRIE 98 K. WlE 6(a) R, A
I B3 €6 P 7 2 i OB S B TSR EE R CV 4%
HEDE Bk Ak, (8] 6(b) P S ik BoR T 913,
1176, 1370, 1586 1 1619 cm L &b CV 43T I 4H-E
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Fig. 7. (a) XRD of Auy, at different temperatures (inset: the enlarged view of XRD peak at (311) and (222)); (b) the table of dif-
fraction peaks position and FWHM in XRD at different temperatures.
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Low temperature-promoted surface plasmon resonance effect
and ultrasensitive surface-enhanced Raman scattering
detection of creatinine’
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Abstract

Creatinine is a key biomarker for diagnosing and monitoring kidney disease, so rapid and sensitive testing is
very important. Raman spectroscopy is particularly suitable for quantitatively detecting the creatinine in the
human environment because it is sensitive to subtle changes in the concentration of the analyte. In this work an
effective strategy is provided to promote the activity of surface-enhanced Raman scattering spectroscopy by
enhancing the photon-induced charge transfer efficiency at low temperature. The nano-gold icosahedron (Auy)
is obtained by the seed-growing method, which is used as an active substrate for SERS. The ultra-low
temperature (98 K) SERS detection technology is used to realize the rapid and sensitive detection of the dye
molecule crystal violet (CV) and creatinine in normal saline. The experimental results show that at room
temperature of 296 K, the detection limit of Auy, substrate for CV molecules is as low as 1012 mol/L, and the
signals are uniform; at a low temperature of 98 K, the detection limit of CV molecules can reach 10 mol/L,
which is two orders of magnitude lower than that at 296 K. As a result, the adopted cryogenic temperature can
effectively weaken the lattice thermal vibration and reduce the release of phonons, then suppress phonon-
assisted non-radiative recombination. So, it will increase the number of photo-induced electrons to participate in
the photo-induced charge transfer efficiency. Finally, we perform the label-free detection of creatinine in saline
by using an Au,, substrate. The results show that the detection limit of the SERS substrate for creatinine is
10 % mol/L at 296 K, and the linear correlation coefficient of the 1619 ¢cm ! peak is 0.9839. At a low temperature
of 98 K, the detection limit of creatinine concentration is as low as 10® mol/L, and the linear correlation
coefficient of the 1619 cm ! peak becomes 0.9973. It can be seen that low temperature may further improve the
detection limit of creatinine concentration and the linearity of characteristic peak. In summary, the current

work provides a new idea for accurately detecting the creatinine concentration in the field of biomedicine.

Keywords: low temperature, surface-enhanced Raman scattering, creatinine, ultra-sensitive detection
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