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SOBUNITE R 2452 8%, Bl 311121)

 E AARFWIEEN (AAS) RAIREME . Pusdd: . AR AIBLE ok S0 R RE T AR H Ak
B MEZ ST Z R T2 6, BIFEEM, AAS 73 7208 B S5 R Hs 5 5 - sk A v R I ¢ .
ARBIFE R 2T 8 43 B A R AR (SSNMR) BEARTF e T GRS R N-H AR BEIE-L- 9 &2 (NLLA ) Sk
FY SRR SR F AL M RO SE . i 2D 'H-"H DQ-SQ 1 2D 'H-"H DQ sideband pattern 254 A 45
BT, KA NLLA 43T RO R IE 2 M4 F I S5 EH ;. 454 PC-"H FSLG-HETCOR %1 °C T,
(IESE R B, AR NLLA 237 Bk 3L A1 22 R AAAE SR, 4R T WT NLLA 4313852 431 8] U E B
B A PR B R 454 ;. ah i PC{IH) CP/MAS 3L AR 15 8., B NLLA Sl v i
KR (trans) M55 (gauche) PiFpHI % Ho | trans 5630 WA B0 2LRIGIE , 73 3% F NLLA 4311
o SRR T B W AR S M s BT MKHE SSNMR SZISEHE 2] T NLLA 2 F7E AR ZS T 14T
YIALLER R ARBESE R NLLA 55 AAS FE S RIZE B R 2 TR RS E T . LB 2540 1 R AR T
AIEREAY SSNMR SEEGHE AR T 58, AT A AR AT R ROE R B A3 S0 .

KA FIAERIMR; SRR N-HEm-L-NE R ; S, AT

FILTRFETETET (Amino acid-based surfactant , AAS) DA SR ] A W) MIFERHR A, SE g%
TSP, A KRR . DR . PERRIR ARG ph 0 R MERE O B4 ARG . R84ty ) e A
b, EMAEZETIZ 2 TrEXmE*t, N-A TR RE-L-TN &2 ( N-Lauroyl-L-alanine , NLLA ) f&— i it
T B FERRZE R ITH P | FH /K MY A R 20 T-HE RS2 AR A TR S S A 41 (P 1A) ), NLLA H
A BLAPTBEERE AT IR AE 1O M IR E B TR o . 28k R bR

B AAS TEZAI 2 BIFFE N SUBORBOC T Ho ok T A5 MY, B35 231 R B A2
BELEH T 2022 4F | Borkowski 47 "5 i 43T 8 ) 24 ALL(MDS ) K% BEIZ BRI (DFT) T4 )7 1A%
NLLA SER G MR TR W P 09 70 T2 BEAT T T, R SRAR T 14 70) 03— Mot Foie i (o7 il A A 701 ) bt
P M A AT AR — BRI 1, TR MR TG o Sivaramakrishna 251914 i T BA TR RIGE
FEHE CH3(CH,),,(n = 8~20) BY— R 51 N-BIE-L-NZIR (NAAs ), IF 05 B A A RIGEREEER) NAAs #2551
SRR MO o3 T4 M- T THRSE . AR Won BT REEIREE (n = 11~20) 19 NAAs R T iR 0§
JEEER . Bordes 220X HAMIT T N- A AREEIE H2 BN AN No A RSN RAN MRl AAS 2RI P Y 1 20
I 2N B AR 23 R R SRR R 1 4 2 R B, 2 30388 3 P B 5 AT B Ay - ) S SR R T 00
TFEZ3 S /K FL T ANG K 2 110 SRR, TR 5 T PSRRI K YE . Bhattacharya 252 i 3 14 L7
W (SEM) . X BT (XRD) FIZER 74 i3 (DSC) EHARXS NLLA 78 U FIIE BEbe S350 b BT fE
S BEERE G g T IAT  $ T BERCIRAS T 8701 8] U P T SR PR NLLA 231202 454
BRL,  FRAIFSE AR S o PR AR T BN RUEEWFE 1 280 AASIRR 3% AAS T4 14 5
PSR A BT A AE DGR Y AT 8 SO R AR DG Uy & S5 4 B 45

TELMAER RS  BIFTE 3 T2 OCTE AAS TEV I H BBE IR S T a5 . JRm ey Bk B
2 B RIADRL S STR Y B R, AAS TEEIACIRAS T St M A2 R M A R L,
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Je FESEPRA P AR JEURE R 7 S AR | AR 2 i S T ) SAS AR, I ELP= b AR PR A
SRR R 2 At IS AAS AT FH T4 A FLRE L B [ 2SR vt 224 S AR S R R A 43
RUZS5H B sh 2855 58, A7 B TR A B AH S DI BEAT B 5 4G 5 PR BEOC 2R | DT S B A R RE A AL
fbo AR, FAZRELIRF AR (Solid-state nuclear magnetic resonance, SSNMR) £ 5 A FE B 254 i A
RO REESSH BN 24T A E T B, B (A KT AR TR by S BRI A 5 45
SEAAL, SSNMR 140 et R S0 I BRS BE AR IR o 7E = BBEAA % (Magic angle spin, MAS) 24
TLBEAZ kb0 ZRTHIAERSEAR WG n & A S A0 8 fdE R 4%
IHERS . o LB . A3 F AT AE A RFfig st 72 Hedt, SSNMR SRR & AT, 2
9T AAS TEBEHACRE T 5 RIS 822 AR o SRT, BRTOCT AAS 78 B ACIRZS T (9 ZUAR 5AE
Koy ZEEER Y SSNMR B4R IER/D . BT it A ST eI NLLA VR AU i 38 0 (i F 2 s 43
HE SSNMR FARTF & BARZ T NLLA 43 REZSSH RS0 REIT D45 11 H TRAE AAS [
Pl (1) SSNMR SEHH AT 46

1 SLISEY

1.1 E5RH

JiiAG SSNMR SZ56:47F Bruker AVANCE 111 HD 400 WB [l 1A% i 4RI 1A (1 el A 8 52 A /) ) | 5¢
B, AR ELA 3.2 mm H/F/X MAS DVT = HARIES . Hop ) H BRI ZUR AN 400.25 MHz, PC 1Y
PLECRAAEA 100.65 MHz, NLLA H 25 M 4ESE2E WA FRA RIHR AL, 218 98.76% , # FESCHR[ 9 1/ )y
AW FERIAIFEAEIME R 3.2 mm MY EARESFE S T FRSCR  BOA SSNMR S UH 1 5556
1.2 SSNMRSLIE K S#)

SSNMR —4E 'H BAfk iS50 (1D 'H) . —4E BC{'HY 3 XAk 5286 (1DPC{'H) CP/MAS) K — 4k Bc-'H
AN KIE (2D frequency switched Lee-Goldberg heteronuclear correlation, 2D *C-'"H FSLG-
HETCOR ) 5256 2 S (i F (14 85 £ ERE TR 26248 10 kHz, 1D 'H SCERISRARIRECR 16 1K, [ UCR &S SR
(5t R SR F IR R 5 s PC{TH) CP/MAS SRR AR ECH 1024 UK, FFUCRAES 5 i (145t 7 55 1 s ]y
Ss, EMLATEY 1.0 ms. C-"H FSLG-HETCOR S5 HRARUEN 200 UK, 11 4k HRAE SR 200, 32l
BHE A 1.0 mso —2F "H WU FIENE (1D "H DQ-filtered ) F1 4 'H-"H WU F- 2 B FHISERE (2D 'H-"H
double quantum-single quantum, 2D 'H-'"H DQ-SQ )25 {#i F] Back-to-back 581X W 75 BTk 5
RO S B MR 3% R 15 kHzo 1D 'H DQ-filtered 5236 9 REERECH 128 Ik, B RAE(S 50T
(3 TR SRS 5 s 2D 'H-"H DQ-SQ SZE AU RAREN 32 1K, 11 ZERREESECR 32, MRS
TR B Rt a) o 5 s 4k "H-"H XU 7% (2D 'H-"H DQ sideband pattern)i%\[Bz'}}Jfﬁm Back-
to-back JFFE & AU T-55, B e 3% Hy 15 kHz, 1 NEF RN B9 RAEE S R0k 20, 5256010 Zmvk
ok 32, #HE 2D 'H-"H DQ sideband pattern F1 40735 &, 38 1208 F Matlab 3R {FEA TR R4S 'H-'H
Z AR A HHUE Dy B AR Dy=(agyy )/ @R FIVHEL Y H G FAZ R RE R (Ry) o,
U=4x107 (T-m)/A N EZS TR | yy=2.67522x10% rad/(s*T) N H R TALIERE L | p=h/2m (b} 5
WED o BC T bS5 2R F Torchia J7571 RS E] S5s, A8 XARALFEARESTE]) A 1 ms, SEIR ARV
] B R as SRR 25 R A A A

H A1 PC Ak A LAY B R e AR vERE S | 8 3 8 4 W B8 (Adamantane, 'H: 0, = 1.85 ppm,
BC: 01,,=38.484 ppm)VE N “URARFESA T A2 RS 2 bR 0

2 GRS

2.1 NLLAMSFEIHEEERNTHR
R T WIARSE NLLA 438 AR T RS540, 14 R8T NLLA 49 1D 'H 3% & 1D 'H DQ-filtered i, —
HHHES TR 1B R IS FHAS % B 1A (b2 i @bsic. AT 1D "H %5286, 1D 'H
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DQ-filtered 31, Jry&hiz o Z BRI L5 ¥ A5 EEAR B |, T2 Sl e 1) 5 A B8 20 0 i 15 5 I B 25 o X B
1B AP AT LA B, 1D "H DQ-filtered 1% NLLA A4 #2300 2005 500 B HAR X o8 4 v, 1 i
X HEAiE 332 . AR NLLA Z3 (2= A5 R HEMDR B A rh i SRl ReS 5 T 2B . R
TR HTRIL S STE U S A5, R4E T 2D 'H-"H DQ-SQ i¥%. 2D 'H-"H DQ-SQ SZ5 7] LA
A 2o S ST AZ R AR - (A A VR R, 2 i R A2 3 32 BRI SR TR Z R s R ES (R B . BT 1C K
NLLA # 2D "H-"H DQ-SQ 3% , i3 &l i (i) AH 5 16 {5 5L 5 e v %o by 0 J 4% =22 [ () 2 ) B s e . v
fE2E0i A5 M 0(12.8 ppm, 16.2 ppm) [ EI4 IH J& AR FE SR F1% -5 480 vk H L SR FAZ UM S04 . IEah,
2488 R6(12.8 ppm, 25.6 ppm ) &b 145 UG Ay F2 L AU T4 1 1 AH G U | A B BB NLLA 23 TR 5k
A5 —A NLLA 2 FRORIE S MR FaEUr . 454 1D 'H DQ-filtered 15325025 S 04T, ol LA E
28 R0 (12.8 ppm, 25.6 ppm) A SCIEA IR T NLLA 20 F 2 [0] (B A BRI A AH VR o 35 L HET
NLLA 73 FH R 3 5 55—~ NLLA 31 H R FEAEAE /1 a) SR

A . ’\)I\

N-Lauroyl-L-alanine )

==—==-1D 'H Onepulse spectrum i

— 1D 'H DQ-filtered spectrum 5 ‘\;
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BI1 (A) N-FAEBERE-L-INERR (NLLA) B9 2» T45 R L (B) —4E 'H A Bkaf (1D 'H) I —4k 'H XL
PRI (1D 'H DQ-filtered ) HEZ 1 (C) 4k 'H-"H BUEF- it FARDCHE (2D 'H-'"H DQ-SQ) fk2#
PIRAR I

Fig.1 (A) Molecular structural scheme of N-lauroyl-L-alanine (NLLA); (B) Stacked spectra of 1D 'H and
1D 'H DQ-filtered; (C) 2D 'H-'"H double quantum-single quantum (2D 'H-'H DQ-SQ) spectrum. Peaks are

assigned using color labels with respect to the structure scheme in Fig.1A

R T S HUE NLLA 43 F 22 [R)  REE 0 T A4S # , R4 T 2D 'H-"H DQ sideband pattern i,
X NLLA REEM F1 dEhai ik K 3G, ol D R R SR P A% Z M 25 A FE 25 . 51 2A 24 NLLA
£t 2D 'H-1H DQ sideband pattern LK , 12.8 ppm A F14EBGEIE K 2B B hZ s, 25 igE T
Fe MM A — 2R = 0 s A AL, AT AR ERGZAL 'H R % 2Z [ R 5 8 80 D,y = 9100 Hz, R4
ANTD =gy ™n) | (RS BIGYF 2 R IR AU FALIBE B (Ry) J9 2.35 Ao Ak, G54 kit
BTN bR SIS R AT IAIE | 14 JETE GaussView 6.0 BRI NLLA B S08E — SRR | 9K 5 i 11
Gaussian 16 Z7E B3LYP/6-31G*# /K F-%F NLLA ) —RAREER AT ILATILAL , DAL 4544 o NLLA 43
TRIEN AR T2 AIE RN 2.37 A(K 20) , X 5 2D "H-"H DQ sideband pattern SZ5645 5 (2.35 A) W4y,
iE T NLLA 4322 (B8 S B FE B T U8
2.2 NLLA MHFHRELEHAIAR
AT JE T SSNMR C M G525, A — 798 NLLA 4 22 [8)38 1 U5V P A0 20 255 254
NLLA B PCUTHYCP/MAS 35N 3A iR, BRI FBE I (i 5T (S BIXT I a. o ) 76 PC 1§ iy 2
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K2 (A) NLLA &5 ) 4k '"H-'"H WPl (2D 'H-"H DQ sideband pattern) . (B)¥&3E(12.8 ppm)
"HEFAZ F1AERGE S 00 %0 i vh 22 MR B FA DGR 50 i i 05, 7T LAFS 3] NLLA 43F
Hr AN R FE I T H L 22 0 B A R A R B 9100 Haz, T X IO A I 1 4% 2 T A BE S Ol 2.35 A,
(C) BILYPI6-31GH KTy NLLA At , SRR ARSI 45 C 5 0,206 N,
H R FERERRRIEH, &6
Fig2 (A) 2D 'H-'H DQ sideband pattern of NLLA. (B) F1 projection of 12.8 ppm signal is plotted in black
color. Based on the experimental sideband pattern, simulated spectrum (in red) is deduced with 'H-'"H dipolar
coupling constant of 9100 Hz, corresponding to the inter-nuclear distance of 2.35 A. (C) Optimized crystal
structure of NLLA at B3LYP/6-31G** level. Each atom is colored by its type. Carbon: black; oxygen: red;

nitrogen: blue; hydrogen: grey; while the "H atoms involved in the formation of hydrogen bonds are cyan

P 2 A PRI I al . a2 Rl el 2 HEATIX 0, fb2# i B MKk A 180.8 . 180.1 ppm A1 173.9
172.4 ppm. {1 SSNMR ¥ ] o 1 J5) s PR 199 78 f 2 Yo i e 1) Ak~ 6 B 7= A S o, AR PC{'H) CP/MAS
T a, o ERFERR TS IERRE | HEN R EACIRES T, NLLA 43F-38 i SR F o] BRI i P AP [R] 0 &5
. AL, kel SR IR 3 MRS A28 B 14.9, 16.1 F116.8 ppm. T AR,
B i (4 23X (trans ) F155 3K (gauche ) ¥ 52 T 7 1) 3 FR AR AZ R SR8 b U SR G P C k2iAr
%o H | trans XN T AR SEEH LU S HES 0 —Fh A P 458 5 10 gauche XN T3 TC I BOTEHL
gy Hii S s s B T S . S AR 8% 2 3K (all-trans ) 7% ) gauche ¥4} 7 SSNMR
BC{'H) CPMAS AT LI S 55 5 ppm AR R P50, BRI A e e i PP e 506 (2 3 A5 135
B 14.9 ppm R BRI BT gauche 1955 16.1 F1 16.8 ppm BEWE N rrans # 5 0 BIAMLA 01 F
AR trans ARG S al Fla2, cl Fl c2 FHXF N .

it 2D PC-'"H FSLG-HETCOR 2Kt —A000F FiR%518 . NLLA #£§h#9 2D PC-'H FSLG-HETCOR
Fe2A RS A TS E Q& 3B iR, Ab24 0088 M 6(173.7 ppm, 8.6 ppm) K6(171.9 ppm, 9.3 ppm) B354 5 &
R e DE IR IR T4 5 AL E R TR ORI OGS . e RT DL BRI A i) S I A R R AR A Ak, £
SRS R 8.6 F19.3 ppm, A3 el Al 2 MRRIFFHISE. BUAM FELEREIX N, 14.9 ppm iI47E 2D PC-"H
FSLG-HETCOR i 525 . RILAE T M KAFE , X5 gauche IR W —5. T HA gauche
PG e AR ZER TO T, I LB Sh AR X 5 DRI DG 308 3 A (M AR EL A I A s i) b 5 G i R d
TN, HZAHM, T8 K n-trans1 F n-trans2 ¥R I TEIE 5350 S5 62400 54 8.6 F19.3 ppm AY
BIA L BACAAIF A 12.8 ppm MURIEEAISE . X ULIATE TR EEEIE T, NLLA 43 F BB i 41 %
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&3 (A) NLLA BESL—4E 13C(1H)ZE XU AL (PC{'H) CP/MAS) #5485 (B) NLLA BE4H 0 4k BC-"H &
Bk AR AR G (2D PC-"H FSLG-HETCOR ) &l . 304 51 J@ i FH 1) 2 B B e biic 2 BRIET 1A Py
BT

Fig.3  (A) “C{'H} cross polarization/magic angle spinning (CP/MAS) spectrum of NLLA; (B) 2D "“C-'H FSLG-
HETCOR spectrum of NLLA. Peaks were assigned using alphabet and color with respect to the structural

scheme as shown in Fig.1A

SR S b S R NG S 25 I BE S 5 s JF HL, tH T trans P40t S i v S H AT ARG A i 1
A FPLEHE SRR Bl SZ BR , PR AT LAE i PC-"H AR A S E SRR H S et . k4l 2D PC-'H
FSLG-HETCOR {5 &, fb2= 5 80 173.7 ppm AYFREERR . 16.1 ppm Y H AN 8.6 ppm 128 3 S0 IH )& H
[A]—Fi NLLA ZH2E454 s k2~ h 171.9 ppm FIFRFERR . 16.8 ppm A9 H JLHKFT 9.3 ppm AY R ILE N
)& N 55 —Fb NLLA 2255454
2.3 NLLA 4 FHERARIBEEHA R

AR NLLA 43745 3 [ Jehifaz sh ik i & | T LU BRGS0 7 2 A EAE Ao T4 450 .
JEl T NLLA 43+ &3 H1 °C A BE AR ET R (7). Ty R i B e AR E S5, MHz 5
RN R A% 0 P B )3 2023 5 A% ) AR R AR P A S ik v, R 7 i BB . Rk, i
B AT Ty, AT LAARHR MHz 353K F B0 1 40 T8k BEBORIBE s sh s 81 ARSI
Torchia SZH k351 240 A1 52 T 3R A 293 1323 K 4604 F 19 NLLA BE5:09 BC T, (8, FFARAEBLA 2
M (v) = Myexp(—/ T) %45 S W FLo35 B M Rt B 0 A2 A1) 7 (B A AR AL B4 T30 (e, My M
7 AR ], Ty oh P A AR SR IE]) 433 Ty Torchia SEHEUHR K L4 LR & an & 4 fip
RIS BC T ES) TR 1. FETH 1B T, 76 293 K R, B4 ¢ MERRIEIEXRT R Y BC T (i KT
PIAS a REBRIGIE PTG 4 13C T (85 b, % H 293 1323 K FHSEIegs SR B IREETHE S a R0l ¢ fif
WA PC Ty AR/ XA KA PO Ty (B R W R R AR iz st . R, PC T ORISR A L T
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a iIEH, ¢ (LR REE sPE K. 2.1 1A 2.2 FTAYEE LI, B4 NLLA 4311 a (R IEZ [ A T
SR BD a SERRIE TSR RAE sk 2 MR o FE HEWT, o (R IEAR [RAE 1 3 A 2 1A A AH B T R 8
RIS . 454 NLLA 23 F45H045 5 A 2D BC-"H FSLG-HETCOR it (8] 3B) 1 ¢ {37 e 5t 5 2 5L
FHOGIESS B FEMTAAE NLLA ¢ (RIS 5 252 A AR 5T R 2 E

A | bl B L0 BC Ty BE ik — 20 3235 70T NLLA Beidk s i trans Fl gauche ¥4 1045
o TR PRBIETTLARBL, 5 a (A ¢ SRR AASAR ], Bl R T | I B a5 7 1 P T
(B A X BT T NLLA 20 P4 0 B R Bk iy PC 1y (B R e 3 s i Jeyisas shik . il T
JB A trans FG TSGR B9 BC T AE W /N T gauche #5H9 B3C T8, VL trans ¥4 135 H
15 gauche HItL , BATARAZE M. L5185 2.2 TINS5 RIS, 18 —8L.

A B C 1.0f
1.OF = 1.0F o
B al = a2 208 cl
z 0.8F T,=68.7s 2 08 T=74.3s B o T1:193.552
= =43.7 = = =L
£ 06t error== E o6l error=+2.1 _E error
= E g el
wn n
0.2k . 1 1 1 1 0.2k . . . . ) 02, . . . . -
0 20 40 60 80 100 0 20 40 60 80 100 0 50 100150200250300
/s /s /s
D E F
0.8F
0.3 0:3
g c2 g n-transl g n-trans2
5 0.6f T,=208.2s g 0.2 7,095 5 02 7,=0.6s
.8 erfor=t13.4 E error=+0.1 g error=+0.1
= = =
gﬁ 0.4F gﬁ 0.1 go 0.1
7 o %
o2, . T 0.0 o T 0.0 .
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/s /s /s
1.0F
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S 0.6} T,=2.9s
g error=+0.1
= 0.4f
=
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K4 293 KT, NLLA ) °C T1 U4 Mk B3R PC Ty fH: (A)B% al; (B)Bk a2; (C)BK c1; (D)BK c2;
(E)B% n-trans1; (F)§% n-trans2; (G )k n-gauche

Fig.4 Be fitting curves of NLLA obtained via Torchia technique at 293 K: (A) Carbon al; (B) Carbon a2;
(C) Carbon c1; (D) Carbon ¢2; (E) Carbon n-transl; (F) Carbon n-trans2; (G) Carbon n-gauche

2.4 NLLA W& FAREHREEDH

g LIRIFIR 4518, 20 TERE MRS T NLLA 2 FRygi g5 fn 2B . iR S frs, NLLA 42 F
FETE IR BE K W i W 1> SR AE 7 A5 (ZUB S U B USRI Bt bR, 2068 . &R & AR
Ty fEfa . SR, FRILNL N R S E R S R AR A s[RI, P SR ARAE Bk e 057 55 =2 [A] T
IR, WS FIR146 G T — 20 T S 2R . 454 NLLA 5 FRE B S — R IR 58
AEAEPIFPFG Y — Rl SRR AR 7 465, 180 cisoid form (€] SA) , o5 — R R4 ) H Ak It 6%
AT 466,10 R transoid form (18 5B); [AIEY, NLLA Bele8Evmst trans 7 ¥ M gauche JCJ¥ WiFh#s
% FFILAET cisoid form F transoid form WIFPEEF

AT FERE S IR P9 SE IR NLLA BIRP T4 S58 1 52 1400, 10T T PC{'H) CP/MAS 5 1A
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1293 KK323 KIRE FNLLAKER 7C TifE(s)
Table 1 "°C T} values of NLLA measured at 293 K and 323 K by Torchia method
C=0(a) C=0(c) —CHj(n)
HE TIK al a2 cl c2 n-trans1 n-trans2 n-gauche
293 68.7 3.7 743 2.1 193.5+54 208.2+13.4 0.9+0.1 0.6 0.1 29+0.1
323 459+2.8 62.7+2.9 162.7+7.5 1823+7.3 1.4+£0.1 1.3+0.1 6.3+0.2
(A cisoid form )
m‘\?{.
g ™y g
L Ordered alkyl chains Disordered alkyl chains )
4 B transoid form )
}/N ; (g
\_ Ordered alkyl chains Disordered alkyl chains W,

K5  NLLA FE& R s T A

(A)cisoid form; (B)transoid form, BelEHE5: trans H ¥l gauche

T WIF % IAET cisoid form 1 transoid form BIFh 5, 2166 SR T
£t
Fig.5 Schematic of NLLA molecular assembly: (A) cisoid form; (B) transoid form. Trans and gauche

LRt AT R

conformations for alkyl chains coexist in both cisoid form and transoid form assembly. Red: hydrogen atoms;

Green: oxygen atoms; Orange: hydrogen bonds

Mg, B IH2H 'H-"C 22 XU Ak sh 124 2R, 32 it R E R 0.2~4.0 ms. W 6 Bk, al 5
a2, cl Al e2 B "H—"DC 38 XM A ) J1 2847 M 3R — 80, UL AE B Rh 5K P B a IV BBk ¢ v HA ARBLAY
s X G SR A o BRI £, M 0.6, 1.2 1.8, 2.0, 2.6, 3.2, 3.4, 3.6 A14.0 ms B}, P
b4 (4 52 UM A B 327500 s T, B s S B Mk st 1), X7 P C A7 A9 TH— P C 38 X R38R L
FART] . BEHL £, 4 0.6, 2.0 A1 3.2 ms B} PC{'H) CP/MAS &SI ME B, T cisoid Fl transoid P
Pl H (AR S5 fk o A dmfic 0E 0, 43 B0 £, 4 0.6, 2.0 A1 3.2 ms Y PC('H) CP/MAS i1
al/a2 Fll c1/c2 i T /RGBS B TR 2. &1 7A 1 7B 435128 1., = 0.6 ms B al/a2 Fl c1/c2
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Fig.6 (A) '"H—"C CP dynamic curves of carbon al and a2; (B) 'H—"C CP dynamic curves of carbon ¢l and ¢2

2  NLLA “C{'H} CP/MASHI"C DD/MASHE /MG HHE
Table 2 The line shape analysis results of *C{'H} CP/MAS and C DD/MAS spectra for NLLA

ol ] BC{'H} CP/MAS C DD/MAS
Contact time/ms [al Iaz Icl [(‘2 In-tmmsl [n-trans2 ln-gauche
0.6 0.51 0.49 0.52 0.48
2.0 0.51 0.49 0.52 0.48 0.25 0.25 0.5
3.2 0.52 0.48 0.52 0.48
A B C
——TFitted curve ——=C=0=(al) — Fitted curve — =C=0=(cl) — Fitted curve
- - -Experimental curve- - -—C=0-(a2) --- Experimental curve --- —C=0-(c2) - - - Experimental curve

———CH,—(n-trans1)
—-==CH ~ (n-trans2)
——=CH = (n-gauche)

0.25
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o/ppm J/ppm

182
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Tl ¢ HERIE TR (C) °C DD/MAS 3R n 1950

Fig.7 (A) Line shape analysis of the peaks al and a2 of C{'H} CP/MAS spectrum with ¢, of 0.6 ms; (B) Line
shape analysis of the peaks c1 and ¢2 of *C{'H} CP/MAS spectrum with t,, of 0.6 ms; (C) Line shape analysis of
the peaks n-trans1, n-trans2 and n-gauche of *C DD/MAS spectrum
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Insight of N-Lauroyl-L-alanine Molecular Assembly Using
Solid-State Nuclear Magnetic Resonance Technique

QIU Zi-Hui', XU Ling-Yun®, CHEN Yi-Jian’, DONG Hong-Chun’, SHU Jie "*, YAO Zhi-Gang*
!(College of Chemisiry, Chemical Engineering and Materials Science, Soochow University,
Suzhou 215123, China)
*(Analysis and Testing Center, Soochow University, Suzhou 215123, China)
3(School of Pharmacy, Hangzhou Normal University, Hangzhou 311121, China)

Abstract Amino acid surfactants (AAS) have excellent properties such as low toxicity, antibacterial, mildness,
and corrosion resistance. In recent years, they have been widely applied in the field of daily chemicals, food and
pharmaceutical industry. It is pointed out that the structure at molecular level largely affects the physical and
chemical properties of AAS materials. In this work, the structures of solid-state N-lauroyl-L-alanine (NLLA)
including intermolecular interactions, molecular local dynamics and molecular assembly were investigated by a
variety of solid-state nuclear magnetic resonance (SSNMR) techniques. Based on 2D 'H-"H double quantum-single
quantum (2D "H-"H DQ-SQ), 'H-'H DQ sideband pattern and molecular simulation, it was found that there was a
stable intermolecular hydrogen bond formed between the carboxyl units of two NLLA molecules. Combined with
the study of 2D frequency switched Lee—Goldberg heteronuclear correlation (2D *C-'H FSLG-HETCOR) and
13C T, another type of hydrogen bond was probed, which existed between amide units of neighboring molecules. In
addition, the conformation of alkyl chain ends was investigated. According to 1D "*C{'H} cross polarization/magic
angle spinning (CP/MAS) and 2D “C-"H FSLG-HETCOR spectra, it was revealed that the alkyl-chain ends had
both gauche and trans conformations. Moreover, the trans conformation showed two distinct B¢ chemical shifts,
originated from two NLLA molecular assembly forms. Accordingly, two NLLA molecular assembly structures were
suggested which were transoid form and cisoid form. This work provided a SSNMR investigation strategy for
characterizing the molecular local structure and dynamics of AAS materials, which helped task of researching and
developing materials with improved chemical and physical properties.
Keywords Solid-state nuclear magnetic resonance; Amino acid-based surfactants; N-Lauroyl-L-alanine; Hydrogen
bond; Assembly
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