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SR (T S RPN B R R T AT
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Figure 1 The time and length scale for different neutron scattering methods and the corresponding general application systems [11] (color online).
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Figure 2 Crystalline structures of ordered PTI/LiCl model while protons are (a) only on N-imide and (b) on half N-imide and half N-triazine in Ama2
space group of Li. Atoms are labelled as C black, N blue, Li orange, Cl green, and H white. (c) Results and difference of neutron diffraction data and

the structure of (b) [34] (color online).

BE OB, T %% 75 78 bE K221 Galuska 5 DR i b 7
SPRIE AT 1 AE 7K I 2% 1 )R B2 /N 17100 nm 2R IK &
Jfi(polystyrene, PS)VHFR 1) A 4544, Wb 48 KM
Blair i F L f 1 SRR IE T RO A LS 14T
NERA T FIBIERBIAN K 5 BRI [E 5 S5 %
(¥)Browning 2 Ik FH 7 7 S 5 LA LAk SR, okt
Li-LiPON[E 4 S I 2 2 A5 A gk A7 1 &5, AR5
LA JH AR T K 2 ) Aliakseyeu s o 2 8 5 43 1~ (star
polymer) 45 14 5 il 2% (1 3 M i 7 7 2 RLE AT N
fR 2R B FE 9, JEAT VR U .

Aliakseyeu5 il % 1 73 T 251 25 A KLU
£ M (linear, L-). 48 (d4arm, 4-). 68 (6arm, 6-)58%E
(8arm, 8-) M (star) B N IHER (poly(acrylic acids),
PAAY, J4 i 54 Ak (hydrogenated, h-)F177 A% (deuter-

ated, d-)f) 5 L UM TR 2-(— F BL 5 05) B (poly[2-(di-
methylamino)ethyl methacrylate], PDMAEMA)%5 4, il
#%13%|PAA/h-PDMAEMA/PAA/d-PDMAEMA [f]layer-
by-layer® 2", LLHCARES BT T 8550 7 IE )T
AT N SPAALE IR R, AN A H AT PDMAE-
MAZE Al (inter-diffusion)iT B 47 A (i 724,

Kl3a, b/E/xn TLPAA/PDMAEMA 58PAA/
PDMAEMA M EAE TR A T 5 I ANaClE 30 min
J5 T R B0 3, dF R, R A T
LA Z PR AT it U K %5 2 (scattering length den-
sity, SLD)JvHE B3 T7 7] (1) 73 4ii: i EPDMAEMAY)
¥ H#%, h-PDMAEMA 5d-PDMAEMAZEZ 0] KA,
5 3USLDTE JZ 18] (1 73 A7 Bl B 6] 250485 3@ sk SLD ) 43 A
{5 0 AT 3k — 25 15 #4145 d-PDMAEMA JZ #1d-PDMAE-
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&l 3 (a, c) LPAA/PDMAEMAL(b, d) SPAA/PDMAEMATE
IMANaCHE T 5 B b7 S S8 245 5 5 SLD S 3 H ik
T A5 AR LA 45315 () LPAA/PDMAEMA (57F). 4PAA/
PDMAEMA (I#/%). 6PAA/PDMAEMA (IE=£{)58PAA/
PDMAEMA (8] =#)h C0)/CHBRELEF; (f) LA 5ER
PAA 5PDMAEMA 7 [f]layer-by-layeri# i HPDMAEMA
(037 B R BD I T 45 ) (R BOR D)

Figure 3 Neutron reflectivity data and the corresponding fitted SLD
profile for (a, c) LPAA/PDMAEMA and (b, d) SPAA/PDMAEMA dry
films before and after exposure to NaCl solution. (e) C(0)/C(¢) function
for LPAA/PDMAEMA (square), 4PAA/PDMAEMA (circle), 6PAA/
PDMAEMA (up triangle), and SPAA/PDMAEMA (down triangle).
(f) Diffusion coefficients of PDMAEMA within LBL films containing
linear and star PAA [46] (color online).
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5/NBOE B (small angel light scattering, SLS)
F/IN 1 XS 28 UK (small angel X-ray scattering, SAXS)
JE AN Gy M IR AR, /N T B (small angel neu-
tron scattering, SANS)— R FH k% 4E1.0~300 nmii Fl 4
FE o N B RFAE S5 44, SANS FH T30 FrO s A 2 4
AN PR RSHECR, — A Regs HOHRLAGR AL B .
FRCSRT h 2 rh — FRO A B R IO I AR ROk B T E
SR A o5 45 (0 B 23 [R] (B AA) 5 P A T S 5 (n A
AR B R o ) R EO K R B I X . B A T
BRI A Je, SANS [ B AR L 5 =g P N [l g
DU it A NS 7 i & A, R BE AR g R e Hh ]
DEE T pm L REAE R SF (15878 f (very small angle neu-
tron scattering, VSANS), 530 pm DA P RFAE R ST AR/
#fi(ultra-small angle neutron scattering, USANS) i (¥ J&
SR FARPY, DU R B AE 1 9, 1F0 5 g
KR, B 5ATHE G, KR HE X PR K+
2 OO U A S S R R, — R BRI A
0.02~50 A", A HHUBLENAE TR, AT LA BB
TR = g4 JR T 4507,

YT RS RE R TS, RFEEE
FA A A AT LA /& SANS S5 (1) 4 BE 22 75 5K, X
NGRS, AT DR S ANS #2535 1 A
PEGEPER BT 250, LLCSNSI# 145 L VSANS %
OB, HAEEMETE T1.8m (FRL ) x 23 m
K FEEBEIRLZTT 1) x 6.0 m (7= ) §) 25 18] LU ]
DARRHE 75 SR vt b A8, At AT R R &L i
FATF-BURACEAN R, A Aof FE DU RC 43 AR S ide 158 11 WL 42
RARR R IIR R, T — e RS A 5
R0 R R S R PR Lam 25 d it /N A b T B, BT
T A S fedE = W BRI AL 4% (hexadecyltrimethylammo-
nium bromide, CTAB)F/K#HH(sodium salicylate,
NaSal)JE i (14 HUIR I 3 (worm - micelle) [F) 4544 5
FIT AL B P BE IR OC & R4 JE 7 K % ¥ Daniel -
sen5 VR /N oh TR 45 S BB THAE, 0T T 2 F
YA -2 AR JL B W) (donor-acceptor conjugated polymers)
(B ROST 5 A 15 T B NI B Ha A 8 I i
FIFE; T N EEMERE K 10 Zhao 5 R F /i b 1
BRI FE T = FhAS [ 20 B 5 (PR M IR I T i/ PR 75
IR IE) (poly(n-butyl acrylate/methyl methacrylate),
[P(BA/MMA)])il] £ 73 2| (¥ 8- 8 3 FE P (lock-and-key
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copolymers) KI5 145 HIEE DIREE L &, BRA L
5% (I Beech 5 I /N o U 5 2 RS i6 T B
W5 7 X 2 7] 2 BRI 5 £ % (polyethylene  glycol,
PEG)JE BRI 48, w4 SOk A 2 IS
S, AT DAABAE B 5 17K 27 1 Wang 5650 46 J& A7 LA 22
tbA ) (metal-organic frameworks, MOFs)H1 25 [ )i 4
PRI 5T 9 18] At 13 B

MOF-919:& — Mt ¥ & @ AL E 3 E1, H
Zikph B =FEARR, 2591.8. 4.956.0 nmffEiE
ALK 4a), & T1F A Thae R M E AR, Wang
M e /N A of TR 5 B UL T i, BT
T 46 F(green fluorescent protein, GFP){EA
Al F R AMOF-919J5 451, SANS S 145 3
nlElabfroR. YN EHE TR AIFATSAS, 7T
DANERCE it 28 25 28 O A (R 06 5340 R $i (pair - distribu-
tion function, — M P(r)F7) ", 4 Rl K4c, df
/R B H HGFPE 3B GFPIIP(r) 45 R Ll LLF
th, FALGFPINIYJT %% 4% (mean square radius of
gyration, R,)W 2 KT H HIGFP; #t— 70 KB, ANF
WP B GFP 1) P(r) A LE (I RFAE I, 351 5 MOF-
919 B (I FEA (B L) REAE S5 R X 1, 3X ¢ HIMOF -
19 ILFLINAEAE, BEAGFPIIRAANE 7564, R
WX GFPIIA G A2 T 82, il ATSAS A LAt — 2
SR R = g2 25070 B4e)99.6 mg/mLIK
T AMOF-919/fIGFP¥] =4 == (M Z5 kg B, b
L 2% R B IMOF-9 1910 7% (] 1, 2432 W i €0 [X sk
NIE T ATSASE L1 AMOF-919 -1 GFP T 5 45 [X 45k
() =S54, S0 i L DX S 2 AN GFP RS54, H 1]
A, BEHF—ASMOF-919 5 1 N T =ANGFP, =4
GFPAL A Lok 1) 2 AR 5 MOF-919 7 13 43 Bk I ik
XA, 07 B A T MOFM R &
BEHE BT IR, SR IE I BT MOF AT RLZE )
SCIZ FEDIREER AL 1 EAR BEA.

24 P EESHS R B TREEE

WA T HU ST (quasi-elastic neutron  scattering,
QENS) 5 #t (neutron  backscattering, NBS)AIrH-1
Hl Jig [3% (neutron  spin-echo, NSE)A] LA RAf 7014 £
BN J1EAT N, P AR AT DL i SR I6 19 B R H
JiRF P E AH 2% bR £ (self-correlation function), [X H7EF
THWE R A A I E REAE: NBS— W &

® 18.6 mg/ml
® 9.6mgml
® 62mg/ml
® 38mg/ml
® h-GFP in D20 5.0 mg/m!
d-GFP in H20 5.0 mg/ml

10 20 30 40 50 60 70

Bl 4 (a) MOF-919% B =445y, 1.8 nmigfl, FH;
4.9 nmf AL, B 6.0 nmFL, 4. JEFIEM: C, K, N,
With; O, 4Lth; Cu, &0 Al KA. (b) ARIKE T GFPH)
SANSEZEEE R () /K H HHGFP5 R [F¥K ¥ GFPik AMOF-
O19H (X 73 A B A S5 R, HAPCl, €20 C3. C4%3 BRI
WE18.6. 9.6. 6.253.8 mg/mL. (e) C2iKFEHT #:FIMOF-
919+ GFP ) = 4 2 ] 45 19" (P4 Fi R 1)

Figure 4 (a) The structure of MOF-919 unit cell. 1.8 nm micropore,
cyan; 4.9 nm micropore, blue; 6.0 nm micropore, red. The atom type: C
grey, N blue, O red, Cu green, Al brown. (b) The SANS profile for GFP
in MOF-919 with different concentrations. (c) P(r) for GFP in water and
(d) P(r) for GFP with different concentrations in MOF-919. CI:
18.6 mg/mL, C2: 9.6 mg/mL, C3: 6.2 mg/mL, C4: 3.8 mg/mL. (e) 3D
reconstruction of C2 GFP in MOF-919 [62] (color online).

0.2~3 A™ R _E107~1 ns B IHIEE); THNSE— B
£20.01~0.1 A~ R 1:0.01~100 ns &2 1932207, NBS
FINSE@ 5 H R0 58 & W% BlC5R 6 s B i 3l 77 2.
TSRS UANE, (ER B W R SRR R
PR BN A BOE B (dynamic light scattering, DLS)
IR R R B BT 510, DA 23 A 48 3 ) S R S .
241 - EHEUE

NBSIEAWE G T BFHITEAT N, R
TE (BT ) 4 50 22 5 (— N4 KO IR U 58 4 FE B B
St DA R HCH il 26 B BE 5 193 A () vs. E) NHEU
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b =

B 55, AR WU R AN R T YR U 1) R R R i,
IR S 0 AR e B R AL B T R, WA R E
PRkt FRERN d = 2n/g EE SR TR E M B AR
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Figure 5 (a) QENS spectra and fitting results of bulk and 1 M solution of LiTFSI with acetonitrile. (b) Diffusivities of five different organic solvents
in bulk and 1 M solutions of LiTFSI. (c) Ratios of diffusivities (left axis) of solvens in the mixtures to that of bulk solvents calculated from experiments
and MD simulations, and the dependence of the diffusivity’s ratio on the calculated solvent mole fraction [78] (color online).
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Figure 6 Illustration of the (a) longitudinal and (b) radial dynamics.
The self-correlation function S(¢.0)/S(g) of (c) M™® = 1800 g/mol and
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Applications of neutron scattering in chemical measurement science
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Abstract: The characteristics of neutron make it play a unique role in chemical measurement science. Neutron interacts
directly with nucleus, thus has strong penetrability, which makes in-situ measurements possible in complex sample
environments; neutron is sensitive to light elements and isotopes, and thereby can observe the internal structures
selectively; the wavelength and the energy of neutron are consistent with the typical distances and the characteristic
relaxation time on atomic scales, so neutron scattering can cover a multi-scale space/time range. However, due to the
lack of large neutron facility, our development in the field of neutron scattering is relatively slow. China Spallation
Neutron Source (CSNS) has been accepted in 2018, and is now open to users worldwide. In order to develop users and
help them to have a basic understanding of neutron scattering, the manuscript introduces both the elastic and quasi-
elastic neutron scattering, separately. Elastic neutron scattering, including neutron diffraction, neutron reflection and
small-angle neutron scattering, can measure length scale from 0.01 A to 1 um; quasi-elastic neutron scattering, including
neutron backscattering and neutron spin echo, can measure characteristic relaxation time from 1 ps to 300 ns. In this
paper, we introduce the typical applications of these scattering methods in the fields of coordination chemistry, polymer
chemistry, physical chemistry, electrochemistry and biochemistry, etc. We hope that neutron scattering, as a powerful
tool, can be further promoted in China, and serve the future development in our chemical field.
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