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1.1. 1FLU®IZ
E b DERIEHK 16%~20%0 % /N7 B THR S, FIZHRCAE. mEo

NEJOEEEZMAT S, 7/ BIZEDI XV EOHBRBMTHO., £Y)
EOTAMBREHEDEEITEERYETHDEF A5,

T/ BEIOMKIBEICT S ADTA—0 T L > TT AT F 0]
DTHELESN, TOFENHSNTIRo 7z, 20 HHRATEIZIEIMES "Mtk >T
NOTIIVE I VBT ST LR - FRE SN, D EWRFAKE E L TR N
2o T DORISHEIISIEA D, BBl EIREGS, KBRS, FHR, RBEK L
125rE. H TR SN TS,

TI/BOBEORERDIIDONTHEL TWD, YO TLEMEKII LY
SUBONETIVT VNS OHIETH 5. ZORIFEE R E Wiz G RIEN
LS N7z, DA MR OB AN 5GBTS & L7z, — 5T 1950
FERITIZHFREBLIC L > TN Y 2 DEFEEE F W= REBENREL I N, %
MADKBEITEET D Z ENMREIC R0z, BIETHREDT I/ BEETIE
FEBIENERTH O, AT (Cys)®F O > (Tyr)/2 ERERITHHE. &%
ETESNTVWDE Y JBRIZDWTHRBIEICRB SN TS L RTH 5,



1.2. 73 /¥
TXBIET I BENNAF I EROMG R OGY ORI TH D, FH

LU TOANRFIINVEDOMNBIZEL > Tan B v.. [IHFEINDN, F 2N
BEHKTE7I/BIEIET o Rk THD (ZEL, TOUOH o132 /).
BICY I/ BEFEHTIHA, o7 I /BEHET. 7 JBEORERIT R-
CH(NH)-COOH TEDH I, R 2§, Tz F#H PR, fMEEHITH £/2E
FY¥HZERL. ZOREICE > TY 2 JBONFHNENT 2, RVKETHD Y
U (Gly)EHRWT o REFIAFRETHD., FONIEEHRT ST I /B
IIETLKRTH S, RSKFLTIE Cys ZBRNT SHETH 2.

T3 BIEIE-SFRICEFRGHETHLTY IV EREEFRIIETHLI NIV
RFTHEFFD zwitterion (EA A 2) THO, Bk, HEMEES SORMT
HA A OMREET S Z ETKIIEMTE %,

G N7 EEMERT 520 BEOT 2V BIE. FOMBEICE > TR HEE A
B, 20 EEOT X ) BONEZ Figure 1-1 IR, HICIEBWOT I /B
AT 2 Z & TR ERL, AEROT 2/ BISEEEZRT,
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Figure 1-1. List of natural amino acids. The figure shows Leucine (Leu), Isoleucine

(Ile), Glycine (Gly), Valine (Val), Alanine (Ala), Phenylalanine (Phe), Tryptophan

(Trp), Tyrosine (Tyr), Methionine (Met), Cysteine (Cys), Proline (Pro), Threonine

(Thr), Serine (Ser), Asparagine (Asn), Glutamine (Gln), Aspartic acid (Asp),

Glutamic acid (Glu), Arginine (Arg), Lysine (Lys) and Histidine (His).
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1.3. 73 /B ORI
7 2 BOFAE 20 HALIBED SHARCHRESNTE D, FIAEEDIEE

WCEIEIZESD, 72/ BOEESCHAIZEY I JBEICE > TRARS, LUF, Fid
MIENGEEY I JBIIETLARET 2,

B Z 0L, N > (Val), 01 2> (Leuw), 1V EA T el LRk T 2 EER
TIJBTHY, HEFEAEOHRERFD Y, DD, EHEOY T A2
PRI AR T (HHRBENEIET 2FEEME L THWSND, VI I VB
G)FT MU T AR EHRZET DD, GOEHKBOERERS., TObDZE5
ORI E LTHWENS, TOU Pro)ldRESEEH#KT 257D
FERESTHO., HRT Y — AR EDOEB LR, EETTU AT K
LRI END, 7Y T (Gly)JMEROE Z A LS ¥ 28aE2FD Ve, 5k
STV ARELTHAENS,

F72. 72/ BIIABET TR, BR4ERE OFENTIRINT 405
FELTHESFAEINS Y, FKEEEHE Figure 1-2 IR THRIC, SRESELK
SEED ONHENZEN, EMTHL0L DR NTEOI S R/NEEMH
ST ENZV, LML, INSETTRESOREITHABZ—HOTY I /B2
5NT. WBICRETHIENTER N, FFITAET 200, KTIEIEIZY 2>
(Lys). ALFAZ(Thr), MU T 77 2(Tp)THoD. ZNEARETDHTI /B
EHRESTHIETEEOREZEEL. NWEZBMT I ENTEDLRZD,
T2 BIIEAENIRATORERL L CFEIIREVWRENRD D,



Amino Acid

Swine First limitting Lysine
Second limitting Threonine
Third limitting Tryptophan

- Soybean Meal
—Corn

Wheat
Trp

Thr

Leu _

Met+Cys

Phe+Tyr

Figure 1-2. The essential amino acids for swine. Figure is percentages of amino acids

when compared with ideal protein for 15-50 kg swine.



14. 73 /BELE 70X
T3 BOSETOE A E LTIIRE T T SliE. REEEND 5

M, —BERWTREDY I/ BIIHEBETHEEINTNDS, BERS, —HD

PHRELZRNWTREZDOT = /B L AOANREBELTHBO, L ADH
ERONDMEYREENROINENIZN S TH D, BEIETIX Ecoli #1680 & L
kA IREEMTAEDES, bULITBEGETFEHEAL TIDHERREEHHOT
S/ BEEEIRELEIDIILTNS,

TERE D 5 B - BRI ND T 2 VB OB EOMET. LB EHE Ok
TSI D DN EHIEDEER, BRIFIMYAH T 8% ETHD, &
IE 100% DM TH D Z ENEREIND, ZHUTKHL, 73/ BROFEBRPIZIE
RARZDODH D, FEMERTH 285, EESE. Y. SR TRIRIICAEE
SNDHMEEE, 5 N EESREAMMEEH L TWD, INS ATz o
BOBEE - R THETIROR LEND D, B - HETRIIIEAS R HBA
THREUTE, A4 B, @i, EHERNH0. &7 3/ BOYE. &4
T, RENEDOT 7 75— 2B IR ZHAGDE, REILT 5. 73
JEBERBIIBITLIAMPONME, RTERMMII DOV THL IR BAL TR %
Tablel-1 1277

Bl Z0E BRISBREENH O, ERE D HOMMOWIEEZ A WTEBIZHEET
E5, BEBIIEWEZBUOTVWD2DA F 2 ZHBIE TOREENTIRETH 5. T
DESIEAHY OWEIZ L > THME LR ZE WSV, RKEICAHY) &R D 7z
<EOiTiEDT %,



Tablel-1. Impurities and unit process which is good separation capacity for

impurities.
HE BAMGEATIE
BIETI/B AT D BEMNEEL L fR AT
3R REEMEHY =
BERICESR.
BHKER A* X iR
BHBE R TR
Ei
W BICKYBE
A7 X kg
B|ILIE BHRBER TR A4 R EE
R BRK T, MnEM K YE EER. &
RUNIE FEEHRRIICLDESE [ENPE R dod




1.5. 73 /BEE T O I BT 5 BT

T2 )BORBECIB T OHEE - R TEICBVWTEARL RSB TEOF
T, BMIBICEERTETH L. BIETY I VBEOLORENY I /B ML -
W IR AL B TEE DS WA REY) O B, BB TONEHIE L W, LL.,
ETTIE. BRATFESD 3 KockhEz Rk L. BHOmERZ 2 EiR & LT

ALFREEANE WA Z 2T 2 2 LIEN TV S,

Fiz, BB OMEZT TR <, RERREE, R IEEOHE B RTICZX
S TIRESIND, MMEBWITIEEE, AT —FE, LA, REEREICEEE
2. DWTIREA RO ER S HECazie, cE TR OMBIENE, EEEICRERE
BEHZ D, T2, 72/ BOMBBRIIBEREIIEHRIREREEIND Z ENE
<, MR, R E HENIZIND 57290120 AT TR OB I B

TH>D, TIY I BT BT LMSG: Monosodium Glutamate) Dl & 215 5 & |
KERAMITORBTIHIREVNVEROANREZINENWZDEEEINDSN, —FK
T LRI OREE. R A K 0B MR R < SIEMEO B VNS Wik i
DHFMRD ENDB T EMNL N, F2 Lys DS, EEATIREMENERIND
e DNS WD RO 5N D0, R TIEARFOMENZE D 2O RKREWN
fEEmARD 515



16. 72 /BOEMGIE

1.
2.
3.
4.

fatiT)
KEOTETOEATIEIIVG 2 VBT b YD LTs EEIRE O EKAED

72 BO— BRI TR E R T .

BRIKIIR 2 B HIT D (BEIRAT)
SRR 2 EH T 5 (RFERAT)

BRK IR RIS VRIS 5 (R IERAT)

pH %7 2/ BOEBAITTOV., BMEZE TS ETENTS (hA

BNT 2 BTN AIRN, SEMEDOY X ) BB EEEAT. WREN D TE

W7 3 BIZFENER WD Z &R0, —BRIICY 2/ BoEET O A

IBNWTEWHEREEDNTND DR, fEMRENKE S, IERIEO®RWRERAT

BB, DRV ZERFD 72Ol ILE KSR OIRE FTO-> <D &

REIRLZEMBETHDLEEFEDNTND, LML, FE DR E D TE

W &SRR 2 B TR S T EEN 2 AR O RS RANVERR T D, LD ERCIRD

FERIIRET 2ANCEIPICE > TR E N, BllaSE ST N NER - 2K

ARIZADDTIN., COXSBEBEEEDT I BOREN S DI

$87 X /B2 (BCAA) TH 5. BCAA IZBKED 7 IV FIVENE L THMEFFE,

FORMMDAMNITIR ERE LR WED, BHIRORERAERT 2.
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1.7. 73 ) BEEORKHS.©
73 ) BITESSAHEOKER T T A > Th 20, ZRILES

BOWTHRAKTH 2, 130 FELTTY I /BOERFITH HELTKE
e, A4 Moy —nJ. B O Van der Waals /153H 578, MHAEH
JTDOREZFAFEENIZENTH O EARNTIIKEREE N RO LEINE
IREENLZTEROWEEETH D, KEREETI /B TOAF LY
S OHEEANRFEMMMEDL XY U= THO, VI /EHDIHED HNE
TGRS B ORI 3EE,. T H 2HA T 5 XINKE#EZEZD
ATEHETH 5.

73 BORTSH, Val, Leu. lle. 7z =)V 7 T =2 (Phe)D & 5 7xf kB fEH
BRIV R DY 2 B —EIC 2 0 FONEUKI R I E M NED
FICUTKRHA L, BUKRZZAEZ M L TR SN2 F 2 EEA Van
der Waals JITHE T ., — A THILEREIZHFD Glu, 7 A/NT 3 E(Asp).
Lys 72 I3 EMKFHEERRT 5720, T JBICE > TENETNRL 5
RZ&2RT.

B2, 7 2 B EAOKERBUIMCBERCARE SOE. TR T LAEOS
BEDOH, BIZWET I VHEEDBEERMT 5. TOMIZHREREL G, KA D5E
B ENEEL ., IR IR R ERLT 5. TNTNOKERIT IR - 7ot &b
ML EaT 5720, 72/ BOET O AMEITBWTIEELHOR
HEmD, BERSMOFESE L TREREEDREZENT LI ENEETH
Do
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1.8. 7PIG8EY = /B S 1
Figure 1-1 T/RL7Z 20 O 7 I JEOS S, 9 BEIIAEKRANTE<ARTE
B, B USIEERENDIZNEDENANS OBBRNEEIND AT I/

Bl Thd, 2055, IBEMESDINL TS Val, Leu, lle ZHF L THIE
#7 X /B (BCAA: Branched-Chain Amino Acid) &FER, BCAA 1. B¥ 4 > /%
JHEIZEENDUHET I JBDOK 50%, T NI IZEENDHHET I BO
# 35%% 5 THD, BCAA 2T 2 I & THREE. HFDOZDOME &
2%, T, BEIRFOMHABEZROHANO TXILF—JHE LT, 2RO
BENTERVWEFORBREYGEDOLDITIMEREFITHWSN, ERAMDT

FABRENGE>TND 7,
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SIS Y X/ B D G IS
Val, Leu, lle %541 P21 DZefIRE 2R D BALE 2B VL. Figure 1-3 [TRY

SIZABEITHENVRRSETH D, #EMEEZRLE, Val#ifid Val 0T 4 D%
1 BT & LTRET 5. a Bilhm, b WARIIAIRFIEETI ) EDK
EHEIC Lo TRET 27D, BUKENBEN T2, —H. c MiHAIIEAHE T
7 IV F )V ED Wan der Waals JIZ X BT WAHAER THE T 5720, Bk
NENT 5, cHFIMAEERNTE WD, KEEEN o @, bi& LKL T
B, FORIREER & 72D,

Val DfEFEHEEICESRZYSTHE, (0D —MICHENR D KE< /2D
Thb. (DAIZEMCENT2ERENMIBEOY 7O ENETHD, Rl
ICEWBUKMEZFFD, 207k, Val fRIZELEN 1 Z2BATWSIZHEAD
57, KIHIZE ERMAKTHIET 5,

Val #E SRS 2 & & TRANOEMBEIEZ TS ETWD 0, WHFEN
BV, ARMWEI Val #REEHE. ML -3 —foN R 2 IHEETF
SELKRERERO—-DTHD, HET 2 I ETHRMENMET S EEX
%, TIT, fHRHOBELEZTHHBIE S Z & TRIEMECREEEOYMEE
HEL, BRMEDHE, TOCAREBCHFSTHEEIENS,
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- SEl WD22mm

Figure 1-3. (A) SEM photograph of Val crystal. (B) Structure of Val crystal, where

gray is carbon, white is hydrogen, red is oxygen, and blue is nitrogen.
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1.10. Val O &4
Val D@ 7Ot R1zBiT5

REIL. WRRE. RO EED 2 DITKEE

g%l

N5,

FT. BREREICDWTIZZOMBOEE NS, TEETITB W THRERTIZ &
Frb P ORI & o TR 31, b LT LU £ D kg 2 STERRIENE LS,
il LR Val lIGUIR A CEVWAE 2 /ED  —IClBT 2 2 & 2 WEHCT
%, 77, BIRDEEREO DB NEL 25O RITTROEERZEKTEIELIX
ERMBERD, BRIIHEHZA VWD I ETHIBRES I EETELN, &
MEZ KD LNDBRKOBN TR TIIMEAT S L@ TERWN, £z, HH TR
BT HIRED Val IZFEBHEIZ L > THIE I NS A, BBEOBRICHNDTY X /B
2 H Figure 1-4 [ RTAGHRBRROEWEREZEEL TWD, INSHERK
RIIHE S B K O B LSRN IERITE L <. B RBEIC K 2 7 BE W EE T
HDI=DEM TR TONEZMET 2 Loviavy, b AR R A EITKERE
e U7 IR AT AT EY, LI USRS I I D A F41, fmE
DMK F T 2BEN AL TER ¥, 2L val 2 Tid7a<, Leu, lle FD
BCAA THRDOYIMETH 27280, FEOBBENTEA L TWD, BREPFE B
IR ERITHEAR L 727N, R R EE S ERVETICRE-STH5T . I
ETHRNE TRL TEREREREL TE

Steinmetzer 5 V& BCAA ICHFZLBITIRML, HMEBEELL TENTLHI L
THIEN BT Z 2 RE L7z, L L. BCAA BB OKNDBEMRENE N T
EMS, WEMEL 2 5MENH o7z, T, LET O AW TEIEREIZ
BUIDERENHL <, DDOEBIIEEMENE < RIFITRKERERNANND2D,
ZEICHRINT 5 7 0—3FENnzn,

— 5T IRBRF EIREN D EEL TFERIML, EHE2 RS T THINT 2L
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BB H MO INTWD, ILEFE L TR, p-F 75 L > Z)VR B
2% Bergmann 5 19, XY AR B, p- NIVI 2 ZI)VRENTHS 11D,
IFNUNE IR, 34-CAFINR Y 2 Z)VR CBRERN D951
EoTHEZTNTND, INSIEL T Figure 1-5 (TR L DN )R
CEBBIUZOFEARTHD. BEIZL> THRFDED BCAA LERZFKRT
BNINEACT Bz, WH O E L TERAOSBIERER<ITOZ &
MTED,

HWEEH RATIR, ILBRFIRATE E S 5 BEBRICTREIL SN TV DA, EIE 2B
LTWa/e, flifhz i 9 27D 1B, BILEAI D20 O TR ANEIZ
1%, LIEiNo T/ Ot AN EHL T 238N DH 5, BIZ, WEFIIHEKLE T
—RHNZ W S NDEMTBRNEITE R W20, BEAMINIERIZE <, Pk
WHENEHEZ 2 BT Ay " 3H 5,

PLENS, 27O ABENEREINS THAETIL, Al U 7zKEwE
ET DA, AT AL U B TR 2R WRINF ORFEN KD

53 TW5,
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NH, NHz
Val Ala
= O 2
: oH OH
NH, NH,
Ile Leu
0 o)
\)ﬁ/U\OH /\/YU\OH
NH; NH,
allo-Ile Nle
0 o}
NH, NH,
Nva a-ABA
o}
NH,
Hol

Figure 1-4. Val and Val analog. The figure shows valine (Val), alanine (Ala),
isoleucine (Ile), leucine (Leu), allo-isoleucine (allo-1le), norleucine (Nle), norvaline

(Nva), a-aminobutyric acid (¢-ABA) and homoleucine (Hol).
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O\S e
OH

O\s e
OH

Figure 1-5. Aromatic sulfonate-based reagent. The figure shows

f-naphthalenesulfonic acid, benzenesulfonic acid, p-toluenesulconic acid,

p-ethylbenzensulfonic acid and 3,4-dimethylbenzensulfonic acid.
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1. EHTICEE 9 2 BRI ST
7 BORNTIE. HEBHECIBEAOL S nERE R T 2 EMAZTT

372 < BT X JBUSNOEETY X JBEOX D771 T — A1 RIRINAIS, 5
HIEMEFIZEIZDNWTIHHRE SN TE =,

1.11.1. ANIF LSRR DR

£, BHIE R EDOBRIZDOWTEBIEOMIEZ /N T 5.

Cabrera' 513, iIRIMNA & FERREHEIZDOWTHRE 21T o7z, Z< DE4G. &
MR FOF 2 7ITIMFINIRDAEN D Z ETIRMFINE S OX DB E %
L. A7 7OREN IS NS, ZOBR, E2 LD SNERUND AT v T
T SN THIET 278, AiEREIIK F 9%, Z#1% Cabrera-Vermilyea D E
2 EDRNR EIER,

Figure 1-6. The illustation for impurity-induced step pinning.'®
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ZDEIEDREDETIVIZDONT, Kubota 5 'NF, HRIMFI DM & HET
WINHEZIV S B E#E X, Cabrera-Vermilyea DT 7 )UIZ Langmuir "M L
FREFEOREEAT DI E T, NMELE FITBIT D TENRATY T
AEEE R 1-1 28z, Z3Ud Kubota-Mullin £ )L EFFIEI, AL 2
R EHEDETIE L TLAS<HAISNT NS,

—(I-1)

G VLIRINAIFTE N ORRREEE, Go \JAIMFABEFAE FOREEE, o [IAHMY)
ARER. KT TFEER. CEaRMAREZRT.

20



1.11.2. 72 /ERBIRICEITDT A5 — A4 RENFICET 5EHEHAE

T2 BOMKREBHEICBNT, BE RSN THLOEELY 2/ BF
ETFICL2ERBEERETHZ, HHT I /BICHT MUY I/ BORDA
AL, BTOT I /BICHET 27 I/ EBLONIVERF 2 H 2 R A &
S THIREERM L, REICRET 2T ETRI 5, B LAY MEREEH
RIxD7DICHNT 2/ BOMKBREEZMEL., MEREHEEOK T2k
29, TOEIBEMERZTERMENIT A T — A1 RIFMF & IF TN TW
% 8, Weissbuch & 203 AA > EB7 2 JBUNDT AT 2 JBIZ2T
TAT—AA REMANCRD 52 Em TR0, 72/ BOHEL =Wilihm
ERINL., ZRUTE 7T T— A1 RiFINAI 2B INT 2 2 & TRROBIRE
L HRSE LTS, T4 57— AA RIRMFNIHERD SFERTHNTH
0. BLFIZW 2hD#lZRT .,

Addadi 5 2ETA T— A1 RIEMAELTT 2 /VBODKE LkEGRML,
TERREEBE T2 Z LT RANOROAHHEMEZREL 2, FA M Glu &
Wy, Lys,D-Lys, Thr, D-Thr FDF7 A b7 2 /B EZAWTRHZITo kR, 7
AT 2 BIIROEE TIOAEND SNz, £T. EREEmICBTSE
S NH3*- COO & R ERMNEBFICHIET 27 A BT 2/ BANEE DR ik & [F
OB TG T 2. KT, YA N7 2V BAMBREIEAG LS, TR
CTHE MBI OMEHOR AL L. RAKIZHA ST IV BAERSITHI &
ZHET 5,
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Sano® 513 Glu * Na #ERABITKIZTTRMY 2V BEOZEICEL TREMIZ
Lz, &7 I JBE2HEMLZ Glu - Na IWEH TR ZRESE. F0O
mEDOECEHEE ZMAT L2, FIZIE. Ala, Lys 2RI 2 &, WIRNmMR &L
8 L TR MNE< Ro/z. Z3UX Ala % Lys A% Glu + Na #% & 0 il 12 52
RENzEE L. BMARANDOREZHEL TWDHEERL TN, £/, D-
Glu 2T 2 & MIRINR & IR L TR DM EWE RN S SNz, ZHid p-Glu
7% Glu * Na ##§ & OB HG I RRAITRAE L, SUAMADOREZHEL TV
D THD, —HT. Asp ZIRINML 7ZHEITEIRINR E B URRNS, KRN/
SWRERENG SNz, 2L Glu EIEEITIEWAEED Asp 78 Glu - Na ##icig
—IZHROIAENZZDTHDHEBRL TS, ZOLDIT.IR/MTBT7IEBEED
FEEIC K > TREAMZHIEETH D I LRz,

Kamei & 2293, lle D@ATIZHENT, #RREICE<ESLS L. ADOMEKT
DFERTH LT 2 /BEOIROIAHDEHEIZDWTHLSMI L, Llle A
HHIZ /)01 2 2 (Nle)E D BCAA 8 Ala 2L TRATL., IOAENE
BOMmEORIN LY X/ BEE P TORBREET IV ERBL TN S,
i i AN R T T2 DTS AL B0 2 S T 55 TS RN 9 2 A B B 5 73,
BRKTEE DN, MIBIEMEOKWTY 2/ BAMERMICBAER LT, £72,
BIAEERI L, #5EICKERAE TRET 220, lle L DMKV Nle DS, ##
AT MABE A ITHRIR U, #7272 lle OWE 2 HE T 5 208 S0 ML T 5.
—77. L-lle K DMEHNEWN L-Ala D56, AEICKDHRAEOHEITR 5N
B0, MEREREZEZ LS OHPHMBNTEEY 2/ BOR D AHN
% <7257, Nle DM Ala KOO IAANEL | lle DFMENMET T2 EEER
LTWwa,
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Yoshiura 5 292913, Val DEIEFTIZHBNT, Glu ZiRINT 5 I & T Val 2%
LU, IRmE U TRERRENRKELS, ILREOSWERNMGEOND I &
Wi U7z Val i S Idod w8k OISR 2 B U REDBUKIEDZ8
KR TIEREEL TV, FZITGlu % 0.1~1 %Y 2 Z & T L-Val #5#
HFIZ Glu MBI A EN, RMICABWEZW OV RF I ENENT S, £
WIEIZHELZ Val 7 A —D7 2 /) EMGIEFE N, BETDHI ETH
RN KE IRV LBEENLET 2. Glu 2T TR, RUABIZHIVE B’
ERD2T I/ T PVEVBRAAATOHRISOMRZHRTETBO,. AEHDOD
VIR BN KERRENZH O TNWERANZ AL EZFFT 5,

Ballesteros®” & 1 Ala OfERRER L BRICKIZT S ANTY 2 JBOREIC
DNWTHREZEITo 7. AlaiZH LT Leu. Phe ZIRMNT 2 &, Ala 4 fh1E(210)[H
INFEET S, -, WIRIMNEFE Leu. Phe IR O EHE O ZZHIE L. N
TEHTANY I BORBBEIZE > TREEBBOZILN 2N 2R, 2,
R EH EE OMIEIZ) RIS Langmuir REET IV ER<SHBETHZEMnE, YA T
X /B8 Van der Waals HEDTHWHEEM N TRET S I ENEETH S EH
KL TV,

Anuar 5 NITA T — AA RIEMFIOERMEFIZBIT DERBIROELITDN
TREIFNF—DIIal—a TERL, KETHZETHFRL TS,
KRDBHEATICTBNT, lle ZFRAMEL, Leu ML EEDOEmMOKE
T3 )L —% Habit95 B L X Material Studio EWWH5Y 7 hEHAWTEHBL., B
AENPT W ZFRL TS, 5HET 3 E, Leu 1E lle D(100),(100),(011),(110)

MIZEELPT<. ZORTHEIZ (100) FHADEETFILFE—HENE D
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RIS, £oT (100) EICERMICREL, b BHMOKRESHES N
%, lle 3% b WAMIZEWANAROESIROMMHIZ/RDD, Leu Z2HMT 2

ZET b BiHMANORENHEES N, #ERBNIESAEOEBIREHKITIED <
EFHL 7z, ARERIIEBRRTORSHREINTND 2D, FH ST MRkEZ
BT 257147 — AL REMF AV -2 T80 1 FRELT, WA
IRINF—DHEENDI FIEZREL TND,

Koolman 5 &, e #5fIZDWTRATERE Plot 3D ZH W I alb—
alETO T ETEBERICH L THRNRERZLLD EHBTND. e &
#HIZ Val, Leu Z2FNTNRMLZEEDORTETHEER L. ZOHE, Leu
ERIMLUZSESEEREORNR SN —T. Val TIRRER SN Tz,
lle #5SITHAARTHIZ0 le HTWN 4 DFHEEL. D FREVWKBE”EENL
THREICHEA L TWD, =/, B X BREHFORE. e OMBERLIX b By
M 3.74 A DIFEEEZ 22T THEL TS, 212 Leu N HDIAENS &, Leu
{ISH D iR 36 & e B 0D ¢ 32 T D BB N R 48 2.69 A & Tl < 72 % . Kitaigorodsky?”
LB E REFRTFREICEFAMIN TS0, #E L TWARVNFEERLTO
PEEE VB OBREEZ & 30ANRETH 0. 3.0A RMOIERZ & F1ES 5 DM
LNEBXRTND, ZD7®. Leu DIFE N TRHFZ/E e WPE LIS <7D,
biliAMORRmKEEZHEL TS, — AT, Val id le fERmFITMOAENTD
Val I8 & Tle {UISH D e RRMEREERE 3.9A L RWED, lle #FRNEDEDT

EREETBEEEI RN, ZHCX o T, EUEE, BUmEERD
BCAA ML TH, FA M FAFDHAEGDHEITK > THRD A TN K OH F K
EOZENENT DI ENHENIIR STz,
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Poloni 5 30d. Cys B F NI AN T 4 R#EG LT X /B TH D Cystine
((Cys)) D SR E EHRMFI OB I L 24 RREHEREOMHBEIZIDONWT, AT
w THEEREDQERMEBNESTERANTHRIMLZ. T, (Cys):2 D cHlL AT
% {0001} 1ZxF L. (Cys), a5 84K, Cys FER, BT A F U IRIETREH O FDA
RERHE A WT, ATy THEELEH T AFM IZ X 28RN SBE T 2 &, (Cys)
DY TATI BEOPT 2 RGO RKREREZ RE7z. F 76T
F—2EOEHENISEN, LTHRKICCIATIV, 7 2 RMEOI RV F—
DB, FHEE S EROERN - LIz, —AH T, iIRFIFEE T THRESE
72(Cys) ZmCHMBE TR D &, MR EREEIH S NMTHERITEZ > TH
O, IIFNL{10T0} B RBINICIEE L TWiz, BHIZ, B/ ZATIDOL D7k
SRR DIRINFN S SR B EFENMEN o /2. S AF U IRIEOHREEE LT, FF
—-P 2N T 4 RN E > TIERFD S ATF FEAEZ AR L. #E5 5K
EEHET OB T AT VRIEZBRT LEWNH D, 12720, TDILEY
AR RRERERNE L TOPRTIZARNWI LW SNIT L.
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1.11.3. 72/ BEFICHITHREEHEHRCEE T HEHEMR

VI IBOTA T — A REMFLSMC D EIAORB SN T NS, 20
FTh, EERREIESTOWE SMBENENH D 2 EAME SN TS0, i
EH OB 2L =8 5 RAEEAIHEREIC SR KFT LB 5Nk,

Zumstein 5 3V e OFEEEOREMBREICBT D FHEEAOZEZFH TN
%, £ lle OGO AL E#EE I FEEEFBRIRIZBNT lle KM D
73 EBEONINARF L EAROBRICI > THEI S NS, £ JIZFHEEE
FlZmmL TREREEZZ ST LD, ZOMBEICE > TH lle DHFREDZE
BdEb 5, FlZE. 7oA R JZF R GErF 2 R) FHEEEFIERE
DHEN o THAFOREMICEKET S ETREZEEL, BREEZT 4 AH—
RIZT B, — AT, HFA 2 RFEEMHEFNINE OERIUEN 72 <, BIEICKRE
AL EB XIS RN, i, BUKED & WS E AN RN T H £ (001)
W EIERICRWEMEZ RS FRREICHBIKET 2, A I )L (CMO) #
B RIEEFOBUKEEZ R HIREE L THED ZENTE, CMC BEMEWEE
BKPEEEDNE U,

Garti 5 IR EIERFZHNT Glu DLZBEEHIE L, ZOEEZERL TH
%, GulZIHELER o, ZERL O 2BBEOLBNEFLT 5. LU0 aftfiz
&L TWTH, BESBEMOLEICZL> T afEHmORED S B # AW
HLUTET, PN TRIEENREZEEHDDENWIHZNEZ D, UL, FHEIE
PFNIIRMT D2 ETafE@mEENS O BRI EHET 2 Z ENHS NI
72olz. b b, MEEMICAET 2 FHEEEAIN BEFROREZHEEL TY
BT EWTRB, £z, BHEBOBREEBET 20T FmELEHZ CMC 12
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KT DREND D, 25, BEEIICEWN S VO E (Hemimicelle)
BT D EMNEETHD., Hemimicelle Z/EDEEHEEIL CMC BELTT
HDD, ERRNTWS, FREIEEFIOWEIRETH 5 Hemimicelle IZE L T

BHHEEOEWEEZ FHIL TWA2Y, FOMEEICDWTIEEm L Ty,

TNSBHEDHAER. BIZET A T — A1 FERMFIDHEE, EICRANT I/
BICROAEND Z LI THRBRBEZZATHBD, ETORAIEHAT HIZ
BL., REORIEENLETHD, DOHMECK INBEEEIND, —F. FHE
WHIDEE, 714 7 — A1 FIRIMA & B L T X O KRBE TR SR RHE 22
LS/ BHIENTESLEEAZD, LD, KDEORREIZICLIZWES, ImIA
DEGELET D NENDH D, T O, MG SRR EICG X 28 EOMEZIE
B9 2 2 EMREEEN, SN TWRWDONBIRTH 5.

1.12. AWAFEDHAY

AW T Val 178 % 2 T SRR 2 20 & 8 2RI O & s R
DZALE DB RS MITT 5. BRI, EEOKSIICEL S8 5 iRmE %
FHA 2T oD DOEMRAMRAETHIEEHNET 5,
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2.1. HAY

BEAOHZED S, EEREICRIETRINFNE S < H DT ENHSDITIRD
TW5, iz, REEHFIERIAVEICEBEZ 5 A TWE), AFETIIFME
PEFIZRD , #ESRONBICEEEBIZL IR U, £z, BICHREEEFRO
EDREENNREICHF G LD EIT o7z KT, IEWIZZ <WMOAEN
5T ENHSNTND BCAA FHRIZ DWW T OB 21T o /2. T35 OREHHE
BG, EOMENERREEZETIELNEWONTITLHIEZ2HNET D,

2.2. EBITIA

E9°. Val 65 g & 60 °C DIRIAF TAK 1000 g IZ¥AEM L. 6.5 g/100 g-Ha0 /KB

(40 °C BAFI/KYAR) #VER L 7z, & ORISR ZE 21 U ISR E Y 5.6 mmol/dm®
(1 mol% vs Val) 12722 & D IZZNFIURMAIZ RN L 72. MR L 7ZiRInFIA D
Val IRIKIAHEZ 10 em®* &0, HE6em D vy —LIZAIL. HZLTEIRT3
HAE Uiz, S5m0 d 20T, il LZfREREE >y b TRTH 5
DL, BEHOMNBFRKEZ TEIZSAER -, 55011 7 AR E TR R
(SEM) T L., S8l % i L7z,
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2.3. {FHHIAE
A7) —Z TG E U ENE % Figure 2-1, Figure 2-2, Figure 2-3 12789,

(1) VR > B Rl

M/©/803H ﬂSOsNa SOzH
11 7

dodecylbenzensulfonic acid sodium octylbenzensulfonic acid toluensulfonic acid
(DBS) (SOBS) (TsOH)

v Q@Q

benzensulfonic acid diphenylphosphinobenzenesulfonic acid
(BS) (DPPBS)

SR som Sk
/"805Na /7 S05Na

sodium dodecylsulfonic acid sodium octylsulfonic acid
(SDS) (SO8)

Figure 2-1. Chemical structures of sulfonic acid-based additive. The figure shows
dodecylbenzensulfonic acid (DBS), sodium octylbenzensulfonic acid (SOBS),
toluenesulfonic acid (TsOH), benzensulfonic acid (BS),
diphenylphosphinobenzensulfonic acid (DPPBS), sodium dodecyl sulfonic acid
(SDS) and sodium octylsulfonic acid (SOS).
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() 4 7 BT L RIRINA

dodecyltrimethylanmonium chloride

(DTMAC)

Cl@ @\N/

R

tetramethylanmonium chloride

® o\
/\ 7

dodecyltrimethylanmonium chloride

(OTMAC)

TE

benzyltriethylanmonium chloride

(TMAC) (BTEAC)

benzalkonium chloride
(BzCl)

Figure 2-2. Chemical structures of quaternary ammonium-based additive. The
figure shows dodecyltrimethylammonium chloride (DTMAC),
dodecyltrimethylammeonium chloride (OTMAC), tetamethylammonium chloride
(TMAC), benzyltriethylammonium chloride (BTEAC) and benzalkonium chloride

(BzC)).

33



) BT 2 B RHRINA

HoN COOH HQN/\COOH
L-Leucine D-Leucine
(L-Leu) (D-Leu)

Figure 2-3. Chemical structures of Val analog. The figure shows L-Leucine (L-Leu)

and D-Leucine (D-Leu).
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2.4, Z)ViK VB RBMBGEE FIZHBT 5 Val i mHE
2.4.1. Val {E&DIER
SEM THZ LA EB OB E% Figure 2-4 12”79 . BHRMTIHIFIZEAAFED

BOREE RN E SN DD, RTF VIR Y 2K (DBS) 2T 5 &IEH
HIEWASAROREIRKERIC/Z o7z, £z, DBS KO 7IVFIVENENE 7 F
AR 2V BEF R L (SOBS) Zifid %5 & DBS Bl <7z
L HEWHEENE SNz, BIZEW p- MV A)VR B (TsOH) . 7ILF)b
PERELS LY ZIEE (BS) 2T 5L, OLEOHKENESN
7o TIFIINHEORDVICEBNWS T2 ZIIVEAT 4 J Ee T T7 )
RAT 4 ) RY 2B (DPPBS) 2MT 5 &, NAREHZFETET,
— R ER AN AR 7R A NG 5072, DBS MER B VRERWE RTFTIIVA
VR VEEF NU DL (SDS) ZHMIT 5 &, SOBS DL S 7aE FHlEWAAED
ENE SNz, SDS OV NFIEHEES Lizd 7 FIVAIVKR BT bU T4
(SOS) ZIRINT 2 &, Fh EMIRME: &[5 UK DR &S 5 N7z,
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Figure 2-4. SEM photographs of Val crystal crystallized in the absence of additives
(A), and in the presence of 5.6 mmol/dm* DBS (B), SOBS (C), TsOH (D), BS (E),

DPPBS (F), SDS (G) and SOS (H).
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242 E8

ZIVIR B RIMANTEIZ ZIVR VB FN Val RIED T 2 ) FEITRE L, i 5
REZHETHEEZOND, MEMBEOEMETINSEMOBNT 2 BHHE
ZHWS 5 & o BIUTFAN100). (100)EILITTY X/ ENBEH L TBO, HEN
HBEHRMEING, H LT, (110), (TO)EARITIFEICT I /& 5 —AIZ
ANBRFENBHRLTHD, a AMBEOHERZTZNWEELZ SN S, ULk
NS, a @A K E 2K REENEC 5728, DBS I OfEMmICREIND
£2IT, #mAPHE<SIZoTZEEZIENSD,

BINF O L RS ONBEDBRIZDNWTEERT 5, £, 7ILFILENEN
RS E < 22 @AANBRE I N, TIVFILVEAEWIE(100), (100)HE AW
ICRELRTNWEEZBNS, —H. BS. TsOH TIXO L EO# NS N7z,
D USRI, o BIAA AN EREE T, (110). (110)HEFD b 5 mAsH;
I EHEZZITSZETHELU D EEZ S, AIE, 7IVRIVEENTR E 7 WRINA
(£(100). (100)HIIZFR EWAE L7z EHERIE NS, X7z, DBS & SDS #H#d %
&R VREAT DHRMAD AP ROBRIEIIOME<SELLE, 2D
EMNSENEVEROEENERE L LT IICRESEEL TNWDEEZ D, IN
SLERTOFMICEL Td, 3%, 4 FTHL<RHNT 5,
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Figure 2-5. The crystal structure of Val crystal. Green line shows crystal face, blue

circle shows amino group, and red circle shows carboxy group.

g |
(110)(110)

(110) (110)

(100)  s—p (100)
b

L..

Figure 2-6. The crystal shape of Val crystal when DBS is added.

\/

38



25.48k7 B LAERBIMBGFE TITHBVT S Val fE&E5#
2.51. Val #5800 E
SEM TH® L7=4MEOEHEZ Figure2-7 IZR7 . HILRTF IV MU XFILY

CEZU L (DTMAC) ZiRiNT %5 &, DBS Bl <17 sy, MmEme
B THBEPME</Zo7. DIMAC OV ILFIIVEHEZE S Lzt 7 FIV Y
AFIINT EZU L (OTMAC) ., LT R I AFILTY > EZT L (TMAC) &
M5 &, BIRMETRELEDSBRWANRAFOKENE SNz, TIVFILEORD
DIIRECREDT. DDODNIIFINT PEZTLFEIZUAEBEILXR D)L
UIFINT EZT L (BTEAC) Z2IRINT 2 &, EMB5 RS & TMAC EAERD
NETHoTz, 12720 BAHDNEML TWAEANEHEI N/, XTI O
ZU L (BzCl) ZHINT 5 &E4EIIEIIEFICHE <, MIEWEEMNE SN,
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Figure 2-7. SEM photographs of Val crystal crystallized in the absence of additives
(A), and in the presence of 5.6 mmol/dm* DTMAC (B), OTMAC (C), TMAC (D),

BTEAC (E) and BzCl (F).
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252 B8

ZWVIRBRELMBT D E, BzCl 2fRE. KEHMONEDELIT/ NS o
2. TOHTH, RHBAENEV DTMAC R bHE < I EMNEE I N,
OTMAC % TMAC IFFA EE MRS NN NS, FREEE SN NEEZ
5%,

BTEAC Z#HMNT % &, KEHRNDOLEAIIIE ETan o TeNESF IR ET
DEMPBEEI N, ABRICEAL T4 ETERT 5,

BzCl 2T 5 &, #H<, MIEWHENGESNZ, JEAFMTH S c W
DOONEIE Y 7O ENEHL TR, BkiEEzEL TS, FIITEHE
THUKENE W BzCl DNRET H I ET. c fitFMMNHEINE S Bo B X

)

o
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2.6. a7 X JBEE PSS Val i Gy 8
2.6.1. Val #5 2D &R

SEM THgsz L7z D5 E % Figure2-8 {Z/R9 . L-Leu ZiRMNIT D & & 5w

& A EZAHIL WM D D EaAME 5417z, — 4. p-Leu ZIHMNT 5 &,

eI & 5h &AL TR WS B NS 5 1z,

Figure 2-8. SEM photographs of Val crystal crystallized in the absence of additives

(A), and in the presence of 5.6 mmol/dm? L-Leu (B) and D-Leu (C).
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26.2. 8

L-Leu ZIRINT 2 & I3HEBEHEVERI TIIR <, WIBITHNWINMAD 2 HE
a7V Urz, R R NI L-Leu VBT 5 Z & THZRICH RARENHEEI NS
ZET, MDD mMERLIZEEZ D, TIUIHRL, LLeu DTF > FF
X —TH5 p-Leuw ifMNFF DO#E AL BLK EFaERidiamol &Ehe, Falk
B MR LB/ EEZ D, MENRRET 52 & THAEMRRIZRKEREN
FEUTEBICDOVTIL, 5§ BITTRS BT 5,

27. £&H

ARETIEANT VBER, 4RT B ULR HHY I JERO3FEHEIIDON
TAZ =227, #mEOECOBm Z8E LTz,

ANKBFR, 4BT BT LRISHEIIR VR, VIIFINENEET S
FRIHNE TEFI O 7 N FHE A T2 WAl & e U TRER B OB kid R E <,
MR WS NS SN A HMAER S N, kY I /BRIZDOWT. LIRITIRES
MY ZAE U ESNsAY, DRI EZH7 < [ LR OWE O B A5 It
LTEEERIZL.

9, 3#E, 4 BETIIHEBBICEEB LT U AR B R R G Z 4
DT, BEERE, REEIIDVWTESBRT S, £/, SETIIEERY 2/
B RNINAN & Val #5f & DR AR & BITREITE S N7z ORHBIT D W TR
RERAR
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3E. RIMFIDBEE L Val RENDREES)
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3.1. B

2 BT 2 IO TRIEIE AV, $ROABIELT 5T E 2R L. iF
IIFIESESAIZ (138 L . Cabrera-Vermilyea @ E > I EFINC & > TRAF v TOR
EEHL, $RREEHET 5 EEA NS, Thbb, HEOMEEELE
BB, IRINFIZY Val RENIZKE T DHENH D, Val RHANDWEZEE)
B E R E RN S B EEZBND. —H, MR Lo TEHT S
BIILASELTS B, (T35, T b R RIS & & 17 R % &
ENB, T T, IRIFIOME E REEB OB ZM 5 M L, B a5
270l EERMEEN 5 MCT 52 L2 HNET 5,
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3.2. BWEETI DRE
FT.2BICTHROERIEOBIEMNEHETH > = ZIVK CBREMFNZDONWT,

EDREEN Val #mANDEEIZEFE L TWD 0N, WEERZAWTIHMEZET-
7zo MBI ZIT DRI, EOLDRIREREBTHLONERET D720, BREET IV
NDT Ay T4 2T 2TW, VR CBRENFIOREET IV ERE LTz,

3.2.1. RERAE
@ 25 °C £af0 Val KB EIER L 7.
@ OIZiEmF % BEEH 10°~10" mmol/dm’ F TILHIIHIZ/AE 5 X S ITFINL 7=,
@ RIMFIEA Val BEFIVANE 7em® 2 50em® 7 7 )L > F 2 —TIT AR #E&
05g ##% A L7z, BS & TsOH & DBS W ENIER 2 DIn o772, #EE
Z1lg& AL,
@ FHRFHIBWT 10 DLANICE#EIET 5 Z 2R L0, RLTy
7 A& WT 2002 1 BIEHET D1E¥EE 20 747 > TREFEHHRREIZ L /2,
® HERMBOBRKRZEBL., HEEZREL L,
©® @THELEE. HBRZARNOBERFIZE ENDRMAIEE % HPLC T
= L7z,
@ #ERMATROBRIMABE N kEBEEz TR L 2.
R U7z DBS BLUNZEDFEARDHEE % Figure3-1 12RT, WEITHE
AUz 3k O B AR BELEDEREM J L — RO Val Th D, HHRTD Val
DRERREDMIIA DT 8 (D50) 43146 pm 7207208, BEBRZEHEPT /2D
WCEHHEZECL, DORBRANRDINE-IZEHNIE2L512 D50 %
Bum ETHR L=k 2EH L7,
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SOgH SO3H

BS TsOH
benzenesulfonic acid p-toluenesulfonic acid
SOzH
SO3Na
11
7
SOBS DBS
sodium p-octylbenzenesulfonic acid dodecylbenzenesulfonic acid
SOzH
dk :
SO3Na
11
SDS DPPBS
sodium dodecylsulfonic acid diphenylphosphinobenzenesulfonic
acid

Figure 3-1. The chemical structure of DBS, benzensulfonic acid (BS),
toluenesulfonic acid (TsOH), sodium octylbenzensulfonic acid (SOBS),
dodecylbenzensulfonic acid (DBS), sodium dodecylsulfonic acid (SDS) and

diphenylphosphinobenzensulfonic acid (DPPBS).
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3.2.2. kMt

& SHIMADZU HPLC 10AD

775 Is: Shodex Asahipak GF-310HQ (7.5mm 1.D. X 300mm)
EAE:0.02 cm’

i 0.6 cm® / min

53 BT IRERE: 25 min

7T LIRE: 40 °C

I\ 7 7 —: 50 mmol/dm> NaCl aq. / MeCN =33/ 67

B

OFEREEOEIHF: UV 220 nm
QOFEFEREE EBWERINAL R T EEHRD. positive.
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3.2.3. Langmuir EFNVICKB 74 v Ta 0
Langmuir 7 >3 3-1 L TREINZHEZEFRATHO., EERIEIZBITSLAR
M OERKEEDHEFITHEA I NS,

_ qsKC
T=71ke

. (3-1)

g lIRER, ¢\ TRMREED 20 ORKER, KIIRELEER. CI13FEE
BEZIRT,

3-1 A% 3-2 LR L. BB C, #EliNZ Clg & &> THREFRRZ 5] < &,
Langmuir E7)VIZHI > TRZE T D2YHEIZERE 2D, 2% Langmuir 70
EEL,

C~lc+
q s qsK

- (3-2)

B Uz ZOV R 2 B R S HNE A O IGE S IRARIT DN T, 3-2 :ih 5 HARE &
MR L7z, TO#RZ Figure 3-2 [Z/R 9, BS  TsOH. DPPBS D& 2 72 Ft NG
M2 F 272 WIRINAITIX, Langmuir 7’0y hOERE 1 Kiziao/z, —H T,
DBS, SOBS. SDS DOH&IZ S HIE M & £ DU AL Langmuir 7 0y M 2Mradhn
LHRRVHER SNz, 2O ENS, FEBEBEZFORMANISBERR T
Langmuir E7I)VOREE L TEUTHZENTERNWEEZ D,

EARHT N2 5 RIEEMEF OGS TERITKBEMOBEROEE, N5
KzEHL, SBEMNOEROBEENS ¢ ZEML Tz, LaL, BEENT
NMBDENDS ZEEF BEETNTHEIAETIVEHND I ENRETH D,
1 DOXTIEWRBEHBHZ IN—TESHOETINEBHINETHDEEZ
2o
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Figure 3-2. Langmuir plotting for adsorption of each additive. Symbols show BS

(), TSOH (OJ), SOBS (/\), DBS (1)), SDS (") and DPPBS (A).
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3.24. Freundlich RICK B T7 1 v T4 Y

Freundlich 3. 3-3 FIZ/RY Herbert Freundlich 2k o TIRBEI N/ZRBA T

HD,

g=kCn  ..(3-3)

g BER, CIHBE. k& n I TH 2. Hilihz C. Mtz ¢ 12U THjxEk
TI7THEEMIIEDSENDIRFENH D, I T, EREEROT Oy MVE
BRI T DI MRAE & i L 7z, Figure 3-3 [CIESIRBOWRNE YT 5 7 2587,
DBS 1 10 mmol/dm’ P L D YR E THEER DM X NEA U 22N DS oasmEnd £
TEBREPHER SNz, WM 57 TH, HOHBRET—F ODIRIVIFINTE
% D77 Freundlich KO TH 5729, Langmuir X & L U TIEWIBEHPH T
T0Oy FERIZESTNDEE R S,

—J7. Freundlich ;N TWEZEEZ R T2 ITFW< ONEENH 5, £T.
Freundlich 3l C ZME K FETREL TS L. ¢ 1d Langmuir KOOI ABFIG
BICHNEE T, RICERBLTLED., TD7/, Freundlich i & 2 18 E L
EOHEBTLNMEHAT DI ENTER N, TOIEERLTWSDBS DT 57
(&, 10mmol/dm® Pl EDERED 7Oy MAVEFEREID FITMEL TV, K&
BNANEDE, HEMNHMAL TS EE XS, DLENS, Freundlich R
BEHEBTOT4vT 4 2 TIIAMETHDEEZ D,
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Figure 3-3. Adsorption isotherm of each additive to Val crystal. Symbols show BS

(<), TSOH (OJ), SOBS (/\), DBS (), SDS (") and DPPBS (A).
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325 NIZIVINETNICKB T4 vTaVT
SRS EA O W 1L Figure 3-4 12789 Scamehorn 5 YDIENET 5 reverse
orientation &)1/, Figure 3-5 12753 Rupprecht 5 "D42ME 3 % small surface micelle
EFINIRESND LI, WEHDOREIZESHE (NI 3B 2BEL TK
BIDIENHOSNTVND, AZIZIEIINEBRTHEND Z &, 1 DOWES
R L TEBEDSFRREL TSI &5, BB, Langmuir DL D RHfE
WE TR, NI N EBRLEETIVNERE LRETHD EEX D,
TIT AII VI 2EBELIGESRD Zn¥) 510k > TiREINE,
EH O OWETIZEHIBREZ —HMAM L TW2O T, ARE TIE%D THE, K
A5 XOEH 2175 7z,
NI I EIINDOERDOERK % Figure 3-6 IR . NI IV OEKITZ 2 A5
vy T TeN5, | A7y THIR. BETAT AAT ) X—DNRET S,
blank site + monomer 2 adsorbed monomer
B/ R—DPNRET DL EOREREY,, BLOBBHEEV ITROKICEEINS,
Vo =kaC(gp +q1)(1—6)
Va = kq(qp + q1)0

qplIZEDREY A ML I FEBEREL TWEE /Y —8, 0l3NEY 1 bo#
BR, CIIFHRETH D, BEFHERHIBN T, LV %L <x5,

Vo=V,

koC(qp +q1)(1—86) = ky(qp + q1)6
WEZRNIRD LD ITERSN D,
a1

g =
qp + q1
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dp

1—-06 =
p + q1

PENS, 1 A7y THOFEER k13 3-4 XKTEEND,

ka ql
=—=— ..(3-4
kg q,C ( )

kq
2 A5 w 7 HIZ. Figure 3-7 128 T EIICE /) I—KEBIZH LTl HOE /
X—MEED, nfllOE /) I—DNRELEAIIVIEBRT 5.

(n — 1) monomers + adsorbed monomer 2 hemimicelle
NI IVINEBREND EEDBREEV,,;. BROANI I LIILNE/ T —ITR
B IAEBREV IR DERIZR E NS,
Vaz = ka2C"1(q1 + qrm) (1 — 62)
Vaz = ka2(q1 + qnm) 0.
G IR I NN I BNV OE, 3N I BIVIBRERTH D, W T
PWTV,, &V, NEL L5,
ka2C"Hq1 + Grm) (1 = 02) = ka2 (q1 + G162
ka2 C"H(1 = 63) = kg2,

AN I VIVEREOLITRDOEIITEREI NS,

Qnm

g, = ——
q1+qhm

1_92:______?}__._
Q1+th

DLENS, 2 A7y THOWELEER hiZ3-5sRicEIND,
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kaz Ghm
k, = Pl (3-5)

KN T 2R ETEEF OWE R g 13 3-6 NITEKEIND.
q=q,+nqpm --(3-6)

o BBEIZBNT, 2TOEREY A MIRMFIZLADANI I BILPEREIN
HIREITBIT 2 WE R, (BAMESZD OfEMKER g SI2IEMRE) 13 327
AOIZEREN S,

Qoo = n(q1 + qp + qnm) - (3-7)
3-6 Al 3-4, 3-5, 37T XeXATHE, 3-8 ANEHEIND, ARETIE, 2D
ETINEANIIVIETIVEERLT 5,

qskiCC + ke, C™7Y)
1= 15k, C(1+ kpCm 1y

..(3-8)

g IWE R, ¢ \THEMHEN 20 OMMEERTH D, 3-8 KIINIIVILEE
R UEWES, Bl h=0,n=1D5HFT3-9ITRTHED ., Langmuir BT
THIENTED, 2O ENS, BENE TR IEFENEVER OBMFNT D
THHEARETH D,

_ qsk,C
1= T4k

..(3-9)

NI I ENETIVEAN, BEEBRTHSNZERESFRHROTOY MzDOWT
Excel DV IIN—ZHNWTT 4 v T4 2T EERL., TDREZE Figure 3-7 12
R WINORIMAIBIENVBERATEERS 74 v T4 T TEHIEN
otz N2 IEIETIVIE Langmuir £ )L Freundlich I & b LT, JK

WREHHTEISIRETH D, £z, REETINHETH S0, EEHRIC
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LYMHENERERFD. DEhs, REEEFOWEIZRET 2#RIINI I 2L
ETFTNEFERTHIENRETHSEEZ D,

PALEX D, Val ~OFHEE 1 O W& 25 8L Reverse orientation 7 )L, F£7z13
Small surface micelle EFIVEDANI I L)L EBLT H2EHETHRE L TWD L&
A%, EB5OHIES LIS BERKOWERE & L TIRIZERSETHD. &
S55MEMET DI EEIAREBEERZ T TITERNZD, I8P AFM £ TO#E
RIZE O TAIIBIOKREZHET 240END 5,
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0 o O

o~ L LB
e | +4+ 4+ +4+4

Figure 3-4. Illustration of reverse orientation model. 3 Additive is SDS, and
adsorbent is alumina. In quite low concentration, adsorption amount is increased
linary following Henly law (I). Adsorption amount is increased because SDS is
interacted each other and hemimicelle is formed (II). Hemimicelle is grown (III).

When SDS concentration is over CMC, adsorption amount is saturated (IV).

hemisphere of

movement )
{ QR

z Ay -3

£o-(yy-- g 5 © é

al b} ]
ion exchange, charge compen- charge raversal saturation
decreasing sation, i.e.p. deflocculation adsorption
electrokinetic maximum of
potential flocculation and

viscosity

Figure 3-5. Illustration of small surface micelle model.>® Additive is
dodecyltrimethylammonium bromide, and adsorbent is silica gel. Additive is
adsorped single layer at low concentraion (a). Active point is saturated by addtive
(b). Adsorption amount is increased because SDS is interacted each other and

hemimicelle is formed (c). Adsorption amount is saturated because hemimicelle is

achieved the limit of growth (d).
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(a)

0 lln

—@ @ @

q1 dp

Val surface

@ Adsorption site

; Surfactant

(b)

M.
6 4 ¢ Lff:

q1

dnm

Figure 3-6. Illustration of hemimicelle model as 2 step adsorption. In first step,
monomer surfactant adsorbed onto Val surface as single layer (a). In second step,
monomer surfactant was assembled in the surfactant adsorbed to Val crystal and

hemimicelle was constructed (b).
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Figure 3-7. Adsorption isotherm of each additive to Val crystal and fitting result by

using hemimicelle model. Symbols show BS (<), TsOH (CJ), SOBS (£\), DBS (0),

SDS (') and DPPBS (A).
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3.3. Val RENDBEITHT 2 7 I F)HEDZ
ANIIVVETIVERL, TIFIVEEEREICED D EROHEERR L

2o ETIL. TIFINEHEDEL S BS. TsOH. SOBS. DBS @ 4 iikNANZ D W
T. Figure 3-7 TRLET 4w T4 2 TI2E 2> THESNZEE%E Table 3-1 IZ/R
T, BS, TSOH lIANI I VIV EERLIZNWZD, k=0, EBVWT T4 VT4 7
ZEML Tz,

EThICEETSE, TIFIVBENELSRDITONT b id EH T 2EmN A
SNz, BIE, ZIVFIVENEL 7251203 T Val #5 R ORETEE S DOREN
LT WNEND ZEERT ., BUKIERANDREFIZDWTIE, BUKPEHEERICX
LWENNDEZEND. KT IINFINVENES BBICONTH 25, £D
7=, BUKMEEARE LT LSRD, hMEMLEEBEZ SN, £z, BKE
HADREIZBWTS, HERERICHBEORINA S TR THEEMLH S
EEZ NS, TORBE. TIVFIVBBEWAHDPHEEMR LT <, BERENE
ETDHEEBEALND,

RIZIEHTDE, b BYIFIINEHNESRZRDIIDONT LA T 2HHANEHE S
Nize NI VIVERRT SEFEEIL CMC EHEBNRH D ZENHSNTH
D, CMCIET7IVFIVHENEWANMEWVMETH >/, 2O ENS, TILFIVEHE
ENEVWARIODEEBETAII I EZRER TSI ENTESO. DBS I
SOBS &0 b @ o7zEEZ %,

KT, HEEHFELERRT S &, kil b SRBLUTIEFICEN27Z, 20
TENS RBEHETIIERBREN IR TS D, WETENE S0 & i
WIRRBIZZR 572 W E I BIVIEBRLIENWI EZ2RL TWDH EEZ 5,

F72. gs1d BS, TsOH A 10 mmol/dm’ A —4%—TdH 5—7%. SOBS. DBS I
10? mmol/dm® & —% — & KES Bizo/z. N2 IV EFLT S SOBS. DBS 1%
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NI I VDR BS, TsOH LT g MKREL2BEEZ S, LL,
WEEER 1 DEZVOSFE AT 24 BETHLZENSE, —F—LRN)L
T g MEACT DHRBITIEIMOEEN DD EEZ D, TOHHIZDWTRHR ZE %
5. WINANBEDN CMC 2B A5 &, KFOREEEFOHBEZI VAT E
20, BELEDTO—HEREEERNOBEREZRHL TAII VI E
BT 50T 1 REERSZ0 DO TEN 10~100 BEOKZ NI BN
BBz Val RN U WREENE 2 5ND. AR ENET 57201213, K
AFM T Val #§REICEE L2 I L ORE (2 IVH 1 %) 2/ERT 5
WERHDEEZ D,
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Table 3-1. Correlation between alkyl length and adsorption parameters.

" cMC
ST [mmol/dm3] K k2 [mmol/nsnz—Val] n
/\/SO:;H
] - 0.27 0 2.27 x 104 | 1.0
~  Bs
////\\\ SO;H
j\\/ﬁr - 0.45 0 1.82 x 104 | 1.0
- TsOH
%\?{/SO@JE&
By 10.5 1.02 | 2.81x10° | 566 x 10% | 3.6
‘Th T SOBS
///“\\I/SO:;H
r ) 1.3 7.81 | 6.23x10% | 6.20 x 10 | 2.5
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3.4. Val EHENDIFIINTAIR VY BOEE
NI IBVIIETIEHRWT, DBS ORI BOARIZ L A28 2OWTH

B, BEREZEMLUZ, Figure3-7 TRLUZREEZRBICOWT, J4vFq 2
TR ENZ/NT A—4 —% Table 3-2 IZRT,

ET hERZE ROV VBOEFIZE - T Val #EEmMOREEN SIZIE
HWIZKELPT <R TWEL I ENHEN R o7z, £z b BEAKIIRN Y
ROFHICE o TRE LT AR2MEAZRLTRD., TIFIHEDEE &
TR RNBHDZET CMC MEFL, fISLT e MERLEEEZ
Do Ty gl EVNTNBIZIIFZEOREE RLZ. EE5HIBILEFKRL. 2
DnbRESLEDLLBNIENS, ¢ lIAFEITRoTmEE XD,

DBS & SDS ZH#d % &, BUKHEmIZH LTI SDS O%E& 7 L)L 8 [FE
DB EVER OAZHY, DBS 1ZZF3UZINA T Figure 3-8 IZ;R T L 57N>
YOBROTBEFETIVFIEMOBWKERKSTDH D CH /n HAEMEHANGET
Do THUTE LT, KVEELPITLLkoEBEZIEND,
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Table 3-2. Correlation between benzen ring and adsorption parameter.

I

SDS

. CMC as
Additive [mmol/dm?3] kl kz [mmol/m2-Val] n
SO4H
@ 1.3 7.81 6.23x10°3 6.20 x 103 2.5
" DBS
Hsoma 8.1 1.28 1.72x10% | 7.48x 107 3.1

Figure 3-8. CH/ 7t interaction.
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3.5. R ORE XN T H3HF Na DEE
351. F=-BH
TNETHEALTCEREMFOPRT, fEE L THATERBREICEST

SOBS D¥EIZF MU T LA THHHMAIE, DBS ODLHITT7YU—KTH DG
KIWBIEL TWE, FZTC, FRUTLBIZREZEIZES> T Val BEANOKE
BIZENEC DG, BREEZFERL 7~

3.5.2. EBRAE
J2E 575 % Figure 3-9 1R T I FNI R B E &0V KE <3 LS9 1 DBS

ZIER LTz,

@ 25°CHEFN Val KRR ZEER L 72,

@ BOFN Val /KB ICIRIFI 2 PTE OBEIZR D KD ITIM LU 7z, iRINFNREE T
10-3~10" mmol/dm® # — & — £ TILHIPHIZ/R 2 K D ITHhko 7z,

® HEMFIVARIZ NaCl ZHRMF EHEBNEML. F MU DAL OBEITR
HEDICL7,

@ FIHIEH Val BFVEWR 7ecm® 2 50em® 7 7 )L A > F a2 — T AR, Kk
05g &AL,

® 2407 1 EEBRT HEEE 20 917> TREFEIREBIZ L2,

® HEERMBEOREKRZEEL., HEZRE L7z,

@D @THEREZLEE, BEZEAROBERPIZE ENDHRMARE Z HPLC TE
= L7,

R IA SR ORIFIREN S REEZEH L,
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AXTIA]

15mL AZHLFa-TJ

— fFlValiamk
«— FRhnAE|
<~ NaCl

<~ Valfad 0.5g

TINFIER 7mL

< 2053181 >

|

<SUSTIIVI-2i8 >

5B

HPLCEIZE

Figure 3-9. Experimental flow of adsorption test.
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353 R EE

ZF )LD NaCl H1E F CORESRME . NaCl IEFTE T OICEFIRLR 2 i
U 7= #& 5% Figure 3-10 1279, {KIBE TR EELIZa o 72, BELE CMC
L T NaCl JE#4E F & VD NaCl 77 F D DBS WE BN E T <785 LW O R
2o, . AIIVNETIINTI 4 v T4 T LZ#ERZ Table 3-3
2R, Val B ST OIS FHTE R 135A E2ene <. N2 2 RIVERED
WELEER N ER L. ¢ n IZOIRELRTIHRTER N o7,

KEERIZONWTERT S, DBS IAIIWILERRT S E. AR BIER
+OREHNEL 2D, AU A FABMEALRRELH S EEASND, T
NatW5b 2 ETYA FABMMNFMEIIN, RETTIIAI I VINPLEL TV
ENBEHORELRLTLARD, WEBNHIMLZEEZ5NS. BEOWYE 3
TH NaCl ZHEMT DI ETAIIVINRERT H2EH/ESNTBO., TR
Rk DBRE LU THHTEDLEEZ D,

PLEMS, #£EF MUY AL NS E 28RN H o/, FhUTLBEEL
TWe3E %3 L 7= D1d SOBS & SDS D 2 FHTH 5, LI 4H DBS &L# L T
W5, Table3-1 TRLZMD hidEH 508G S DBS DANE WD, 7L
FNHEEN T VRN b 2N T3 E0WIERIIED SN T EAFER
N7z,
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CMC=1.3
0.006

Free DBS
”;; - Free DBS fitting
é 0004 L ® DBS+NaCl‘ ‘
£ ——DBS+ NaCl fitting
0
&
£ 0002 }
I
#E‘
g |

1 100
DBSEE [mmol/dm?]

Figure 3-10. Adsorption isotherm of DBS in the presence and absence of NaCl.
Symbols show adsorption isotherm of DBS in the absence of NaCl (1)) and
adsorption isotherm of DBS with equimolar NaCl (®). Solid line shows the result

of fitting by hemimicelle model.

Table 3-3. Effect of adding NaCl on the adsorption parameters of DBS to Val

crystal.
it as
Additive k, k, (mmol,/m2-Val] n
DBS 7.81 6.23X 103 | 6.20 X 1073 2.5
DBS + NaCl 7.91 9.34x103 | 5.70x% 103 2.2
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3.6. DBS WaE D HER T
3.6.1. B8

Val $RIEEIC & o TRIT 2 BMENRRD, W& ICREET GRS
EMMEEND, ZIT WS EDEE/NT A=Y —EHET DI EATERN

N, BETEITo 2.

3.6.2. RERAE

LRI 3.2.01 ERBROFIETEML 7z, FHT S Val 55O EIR TR S
&4 %, D50=33, 60, 90 um D 3 fEfHzME L/, Val ffRIIREBEIC D
HO0)HEHDENIENE W, T T, BT 52 &ETO)EDOEIG AR LM OH
EHEHEIE., 0D EFNLUADHED g, h ZHRETHZENTED, iz,
Val Z2&IERE TRATSE200)AAAHREZ HDHMDARLZ.

3.6.3. ER

fi& L % Table 3-4 BX U\ Figure 3-11 /RS, fEGRIIMIET 5 2 & THERMEME
DN %, ERMENEML THBEAMELZ D OAFKER ¢ ICRERE
FReNBN oA, FEER LW ERTOEAARS Nz, DRD., ki
LDOONHDHEE DL THIETEHELPLIT 2D ILENS. (001)FHDE
gk RIIMoOmERE<SE{ LRV, —A T, QODEBEERD b IFE T, T7&
HEMOEEEL TRELIZSWEWNWDS ZETH D,

PLEMS, (00D)ED g 1357 0.013 mmol/m?-Val, k3K 14 THHEEZ S,
ZFOMOEDEE/NT A—45—IZBL TIIAEBRTHET 5 LIETERW
D, NOT7 TO—FRRETHDEEZ D,
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Table 3-4. Correlation among Val crystal size, saturated adsorption amount ¢; and

equilibrium constant k.

Crystal size Specific surface area Js ki
[D507] [m?/g-Val] [mmol/m?-Val] [-]
33 1.654 0.013 7.37
60 1.141 0.012 7.49
90 0.847 0.013 4.82
o e . . 142

T D50 = Median size.

t t Under the quatitation limit.

15

&5 0

- o Q

-~

—10

=

£

E ok

k- O g

UJ O 1 |
0 0.5 1 1.5 2
Specific surface area [m<4/g-Val]

Figure 3-11. Correlation among specific surface area, equilibrium constant k; (©)

and saturated adsorption amount ¢ (O).
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3.7. Val 5 ROELEmIIB T DIEHEE S OEE
DBS OEEEZ00)EFDOMOE TLHEET 5 &, (00)EIIMOME & th#g L

T g [ ZAEEDN, b IMEDN STz, BERIZDNT, EEROECENT 5 ERE
FHEMEAND B EE L., MALZERM L /2, Table 3-5 I[Z& W OWEEERE
EERT.

Val 77 FH T DBS EHIEMEM L S 5 EREHIL. DBS LAKRMGEZRKNT 2T
2/ # & Van der Waals 12 X 2HUKMEAEIEM 2 B XTI AIEOr Y T E))
HEThsd, —MBITKHEE TV F—I3KERE DI A Van der Waals J1 & B LT
JEFIZE W, (0D Y 7O ENEDOANRHICHE N L THO, MOHEE
g U TkELEL, b MEL725 Z EI3ITE > TWwb, DBS O F 51X
CiEM R A i U, (&SRR 2.5~6.4ATH D, DBS DR FH A X
FT7NFNEEET<MELEEEDREERSTETIY IV T NTHS
Winmostar 2l WTHET 5 & 245AThHokd. BERIZENNZHEE.
DFEWEEBE->TLED, LML, DBSO RTFIIINERF T LF 7))V %
ZEMNTEDLRD, TIFNBHOESIZRDIAEEITHBRA/NEWEE X

c WESROBEEZHETSHE, HIZLo THEFIIE LU DSz, 2D &
. BERENLTH ¢ R ELL LMo iR 2T .
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Figure 3-12. Crystal structure of each Val crystal face. Green line shows crystal

face.

Table 3-5. Active points of adsorption in each Val crystal face.

(100) (110) (170) (001)
IREEE S 7R | 7R 7R (VTOCLE
IEBREN IKZREES | KEWEES | KFES | D77 IVI—-ILA
SEMESRIE [A] 5.3 6.4 6.4 2.5
SEMSRE [E/m?] 1.57E+18 | 1.50E+18 | 1.50E+18|  3.91E+18
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3.8. 48k 7T U L RBINAI D RKEZLH
3.8.1. BEEAE
32.1 ERIBED HIETHREERZEEL /.

3.8.2. N¥TAE
FHEREFFD BTEAC IZBL TIX UV TR T IULR WAY, DTMAC D&
BEFZBVWART B LARIRMANL, SDS THM L TW R BTG
TORESBHRBETH oz, ZDD, IFA> O T 5T 4 —Z2 AN THIE
Z R L7z,
{1 i #4588 DIONEX ICS-1600 (Thermo Fisher Scientific Inc.)
715 1: CS 12A
FEAE:0.01 cm?
JiE: 1 cm’/min
S ATEFREL: 15 min
515 LIREE: 35°C
INy 7 7 —:20 mmol/dm® A > Z)ViK

itk EREEE
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3.8.3. IREHF R

fE B % Figure3-13 1279, 5% & L T SDS DREZRHEZHE/=. SDS DA
R VEERE 4T BT LBICHEE/N L2 DTMAC 1, SDS &L TIE
WICHBERNMEN o720 ZNVE B EEL TY BT LB Val RIS
Liz<WZ EWNbnD, £/2 DIMAC O RFUIVEEES L, AFINHEITLE
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Figure 3-13. Adsorption isotherm of quartenary ammonium-based additive to Val

crystal. Symbols show DTMAC (@), TMAC (@), BTEAC (" ) and SDS ().
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Figure 3-14. Crystal face which is exposed carboxy group.Green line shows crystal

face.

Table 3-5. Each adsorption parameter of SDS and DTMAC

| Chemical v CcMC | s ki
Structure | [mmol/dm?] |[mmol/m?-Val] [-]

SDS MSO‘;’ % 8.1 0.007 1.28

11

|

DTMAC | & &4 ) 20 | 0.003 0.02
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35) S. Paria et al., Adv. Colloid and Interface Sci., 2004, 110, 75.

36) H. Rupprecht et al., Colloid Polym. Sci., 1991, 269, 506.
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— NN A%EmICEE
HIADFHBIELR I

L-Val 6. mbL. =
6.59/100g7K (40°CRIFTAR)
60 CTAf%

<Coo‘ling> 60—25C &5
<Nucleation>  100umMiEEDHIN ¥ESRNERE(CECDT,
| WIRESRIOR R MEDES
<WEIR T3>
L-Val 6mL — BRI RU GRRIAIEN FHHTLSDT, FILLEREANS
6.5g/100g7k
<Measuring Go> {53500~ 100045

1293 BECRIL . REORITAIEYS 2. (10912E)

<BEIETS>
additive in L-Val —
6.5g/100g7k

<Measuring G> 10~20912E
(10~ 1553 (F1BE . ENAFI R4 IRESEEZ 5T )
G: HE@EARERE (Rhn&leHD)
Gy: iEEmRERE (RINFIBL)

Figure 4-1. Procedure of crystal growth experiment.

Figure 4-2. Method of measuring length. Perpendiculars were drawn from fixed
point to each crysta face. Then, the length of perpendiculars was measured as

distance to crystal face.
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17min 13.5min

31min

Figure 4-3. Microscope photographs of crystal growth in the presence of

5.6 mmol/dm? DBS. Val crystal was grown in the Val aquaous solution which was
in the absence of additive at 0~11 min. Val crystal was grown in the presence of 5.6
mmol/dm? DBS in the Val aquaous solution at 11~31 min. Orange circle showed
multilayer extracted after adding DBS. Yellow circle showed that other crystal was

extracted under observed crystal.
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AHNFIDBSENN 11min
7 Rh0AT

W b
Figure 4-4. Outlines of the crystal before and after addition of DBS. Outlines of the
crystal taken at the time shown in the figure was superimposed. (Blue line) outlines
of the crystal before addition of DBS, (Yellow line) outlines of the crystal after

addition of DBS.

0 min 5 min

30 min 21 min 16 min

Figure 4-5. Microscope photographs of crystal growth in pure Val aqueous

solution.
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Figure 4-6. Microscope photographs of crystal growth in the presence of 5.6
mmol/dm? DBS. Val crystal was grown in the Val aquaous solution which was in
the absence of additive at 0~11 min. Val crystal was grown in the presence of 5.6
mmol/dm? DBS in the Val aquaous solution at 11~31 min. This experiment was
performed with another crystal different from Figure 4-3 for confirmation of

repeatability.
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Figure 4-7. Time course of crystal growth. Val crystal was grown in no additive Val

aquaous solution at 0~10 min. Val crystal was grown in the presence of 5.6

mmol/dm? DBS in the Val aquaous solution 10~30 min. Symbols shows face €))

(1), face @ (@), face @ (¢), face @ (A), face ® (M) and face ® (®).

Open symbols show the distance to new layer after multilayer, and closed symbols

show the distance to old layer which is measured before multilayer. Left crystal

photograph was taken at 10 min. Right crystal photograph was taken at 30 min.
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Figure 4-8. Time course of adsorption amount of DBS on Val crystal surface.
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Figure 4-9. Correlation between concentration of DBS and G/Go. Symbols show

@), face @ (@), face @ (), face ® (@) and face ®

face © (@), face @

(@®). Open circle shows the case of calculation G at the outermost face when the

face was multilayered, and closed circle shows the case of calculation G when the

face wasn’t multilayered.
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Figure 4-10. Correlation between concentration of DBS and G/Go. Symbols show
face @ (@), face @ (@), face @ (@), face @ (' ), face ® (@) and face ®

(®). Different from Figure 4-9, the crystal growth rate was measured on the old

layer, even the surface was multi-layered.

94



I (110)
a
a¥h¥[Ol8n

(C) (110)
(100)
a
1:-€> (110)
b

(110)

(100)

(110)

Figure 4-11. Miller index of Val crystal.
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Figure 4-12. Crystal structure of Val crystal. Green line shows crystal face, red

circle shows carboxy group, and blue circle shows amino group.
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Figure 4-13. Microscope photographs of Val crystal. (A) Val crystal grown in the
pure Val aquaous solution, (B) Val crystal grown in the presence of DBS 5.6

mmol/dm? in Val aquaous solution.

Figure 4-14. SEM photographs of Val crystal. The photograph number shows at

the place of Val crystal shown in Figure 4-13.
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Figure 4-15. Mechanism of generating multilayer. Left figure shows the step

growing in the absence of DBS Right figure shows the step growing in the presence

of DBS.
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ZOZEMS, Val #EROFTO, Difiid DBS Z2WELPTNHTH D END
ZEMRRENTZ,
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N

N Fitting
S5t
DBS
0
1 1 3 1
0.001 0.01 0.1 1 10
AINENERE [mmol/dm?]

Figure 4-16. Correlation between DBS concentration and G/Go at @, @face.

Symbols show actual data () and fitting result ().

Table 4-1. Comparison of adsorption parameters of DBS to whole Val faces and that

to @, @ faces.

“ b k2 [mmol/m2-Val] n
Whole faces —* 7.81 6.23%x103 6.20 x 103 2.5
®, @ faces 1.0 110 4.6 —* 2.0

* These parameters could not be calculated.

(Whole faces) Adsorption parameters calculated from the adsorption isotherm of DBS

obtained in Chapter 3. (D,@faces) adsorption parameters calculated from the correlation

between DBS concentration and crystal growth rate ratio G/Go for D, @faces.
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4.7. Val #& g 72~ O B & O 734 S
471. 5= - BW

Val #5@E DT TO, DHPEELCTVWHTH D EWRBINZ, ThE
MEET 2728, Val fERmEEANDOWE RO DA 2EH, 4L 7=,

4.7.2. RERAE

I Val#WmeHET] » Ao < DRESHE. 2om BEDKE W Val B 5%

5L 7=,

2. fFoN/ziEdSZ DBS 5.6 mmol/dm’® RN E 317z fF1 Val /KIFRIZE L. 20 4
HINTHIRE D Lz,

3. MM EIRODEL., #&SITHNET KD ZHEICRD RN,

4. BIREMBAORMZES 05~1mm IZRDEDITHE T 7 THELSYD, 2em’
DiE#iK THEL 7=,

5. HPLC T Val #8E£ & DBS IBEZHIE L 7z,

473. #ER - BE

DBS {BE & Val BE DL 575 5172 DBS O/ 4 & 45 Figure 4-17 12577,
REROSMI®. @ > O, @f > @. QW > ODHTH o7z, Val fRkid
NABORRERTHD, QHBLIOCEOERMOEBENRD KE WD, Val f

R OREFEEREML iz, 207k, Val fEREk s T ik
BHLERZ O QLD KIBIZEN>/-EEZD, -, O, @K LSS
P, MM EERELRD TS 7N SREDHTHDEEZS5NH. DHEIZHERTD
[ D E RIS/ o e DI, JIERFIZY) o 72 Val DEADEITERT % &
EZO5N5, QEBLVDHOY > FIVHD Val BEZRERT D&, FNTN
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5.3 mmol/dm® & 3.4 mmol/dm® TH V. HEOHEIIFAL &9 2 &, O D&
ZHEESYBL TWzEEZD, BE<UBTLHZIET, E8T S Val iZHd 5
DBS EENEAT 57-0, DBS DENTOWE BN TNS, B YL =AN
L DEBROEERITE WD, DBS OREEIZDN D 262 ppm vs Val IZiLVE
ThHBHEEZ S,

F7z. Figure4-17 TRLUZDMIZDNT Val R EED N 781 THHZ &
ZRAL. IREDOHMANSEHOREFHEEREMHE Lz, mifedlt 2 &L
TR,

. O~@HOHEEIFEL T, OIO~@HED 5 fEOHENH 5.

2. O~ D BALEFE Y 72 0 O IE M SEITH T,

FDHER % Figure 4-18 1277, O, @HED k 13X 14, 28 EEHE N, fEGRE
HMELN OB EN 110 ETRERH DL DICHAZ, TI T, 45 TEBL =
TA40T A4 2T 0T h OEBEWMGE LT, ZDEE% Figured-19 12RT . %
WORUZHD . ERIIDHOBMEIZENWEEZ SND/20 k=28 & L THRIE
U7z. k=28 & 110 Zk#d 5 &, 0.1 mmol/dm?® FEEDIEFITIKIBEDORE T T
WEETFOENALSNDN, ZNULOBETEHEVENA SN o7, T
ZEMS, 28 & 110 ISR EREL T RERETR S, KEOSHFET
FUIERNMEONEEZ D,
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352 ppm 356 ppm
@ @
@ 5 ppm
b 130 ppm PP 262 ppm
T @ ®
- 27 ppm 30 ppm
L--> 0

Figure 4-17. Adsorption distribution of DBS (mol/mol vs Val) on each face of Val

crystal.

® @
b 14 28
A
I
j
b-=> (@

Figure 4-18. k1 of each face calculated from the adsorption distribution of DBS.
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2
——k1=28
L k1=110
Ty o DBS
S "
J 0.5 | :
\\A
0
_OS 1 1 1 1
0.001 0.01 0.1 1 10 100
AONBLERE [mmol/dm?3]

Figure 4-19. Influence of k1 on G/Go of ), @ faces. Other parameters were the

same as those shown in Table 4-1.
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4.8. DBS O 7 )V )VSHE & ff F kBRI L DB f#

DBS DG ZEZ D EWEBEMRES BT LI LEIETRLE. £Z
T, MERRRIZEOL DB ERITTON, ERKkEEREL TELL

7o TIVFINFEEE L7 SOBS, BSIZDWTH G/Go #E L. Kilihiz B

EBEVWTTOvT 4 27 Uiz, iMFIRELO, @EOREREERELD Y S
7 % Figure 4-20 12779, DBS & 1.3 mmol/dm® OB E &4 TR ENT 2
IZf5 1k U7z, —5. SOBS. BS id 1.0 mmol/dm? A DK B TldFh & sk &

WSHE S N2d o7, SOBS & BS LT 2 &, #fmak & E6EIT DBS.
SOBS. BS DEFIZHM 57z, TAUIREERBRTEL L h ORES EMEAL
TWa,

RIZ, 42 REHNT T4 v T4 27270, ERNFEIOO, @mEIZHT 5
WAE/NTA—F—Z2R N L. BH#R%Z Table4-2 12, SOBS. BSD7 4 v T
4 2T HER % Figure 4-21 1289, £ ki iIdDBS NIEWIZE <, AL T
SOBS. BS MIEWITEWIEREE o7z, k. BSEANI I BILZFKLZND

1272208, kh EFRBEOEMZER L, 20ZEnE, O, @HET I+
HEDODEBZIFFIIZTOPTVWHTHLEEA D,

Kiz, @, @, ®. @HiCiEHT 5. @, @ ®. ©HIFEWIZEHM/RE T
2. MDEDMEDHRBEBERL TNDN, ARIEIBTLZENHETH 5,
—h. FEEHSMZRE LT <, ZOMEITRE LFENI ENHSNERS
2o TZT. @, @, ®. OHZFNTNUIDNT, G/GDEVNHDEEZEZD., @
M2, ZRELL GG DEWHDEMENG, @HThdEL., T—FEHA, [
L7z, TOKR%E Figure 4-22 IZRT. WINODEH SOBS. BS &L T
DBS DA MmWiEmREEZAE T 22 &N 0 o7, SOBS & BS &Lk, §F
5. ® @EDEA. SOBS A% 1 mmol/dm® Aimi T & IR K Ak EFLE 252
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FTWz, —7, BS W RREREZZT50IE 5 mmol/dm® BETH o
7. @, QHOHE. EESHREETIIFRERET T, HRREHESIIERS
NzMn o7z, SOBS 1d, CMC T# % 10.5 mmol/dm? 3T H 5 AW #E &R A 2 1
EL. ZREETDHIENDMN o, —F, BSITEBELETIIBVWTHLEL
B9 MR EEHEL RN o7z, ZEILEANI IS RINERICBEKRLTNWSZ
EMMAFERN SR E NI,
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2
DBS
1.5 @ SOBS
BS a
T 1 r .
— g P
& oo ¢
~ 0.5 r ®
© e
®
0 g
-0.5 | | 1 |
0.001 0.01 0.1 1 10 100
Concentration of additives [mmol/dm?-]

Figure 4-20. Correlation between concentration of additives and G/Go of @, @

faces. Symbols show DBS (* ), SOBS (@) and BS (&).

Table 4-2. Correlation between adsorption parameter of DBS to (D, @ faces and

alkyl length.
o~ _SOzH
o 1.0 0.07 0 1.0
A BS
SO;Na
/\(/ 3
N 1.1 0.2 0.3 2.0
™~ SOBS
/\ SO3H
LY ]// 1.0 110 4.6 2.0
™7, DBS
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g
. ——Fitting
e SOBS
@
— = ©
= 4 @
Y L ®
Q
* ~8
0.1 4 10 100
SOBS concentration [mmol/dm?]

G/G, [<]

,4
o

—

(8]

0.5

— Fitting
e BS
5 —2_ o
k 2 \\:
| ©
T
0.1 1 10 100

BS concentration [mmol/dm-]

Figure 4-21. Fitting result by using hemimicelle model. Symbols show SOBS (@)

and BS (&).
2 =
% 1€ L ® SOBS o S r
. B 8 &
¢ BS s ¢ ¢ 8
O & > Q -
® - . ° % . X
- s - ° $ - e ®
Py , © I °
e 5 F ] . ) ® g
“5 @ . ) {!" “5 § th‘; <, G_ ) 2 .
5 ; - ® G} = 3
2 ) S . .
“ c 1 1 L L ~ -
i1 1 1 1
1 1 0.1 1 1
Concentration of additives [mmol/dm-] Concentration of additives [mmol/dm-]

Figure 4-22. Correlation between concentration of additives and G/Go. Left figure

shows G/Go of @), ® faces, and right figure shows the G/Go of &, ® faces.
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4.9. DBS #INZ & 2 #E @ MVBIZ L DHERE DEER

DBS Z# L T&EMTY 2 & Val #E@EAIEHICHE<S Ro7. TOEMEIZDON
TFFL<BRT 5,

£9. Val D&M SE % Figure 4-23 12789, #5522 /R TRk EAOKRNE M 2
ATOHENTH DM, KL L TV HHEGE &2 OO METH 2, B, @

I T 5(100), (100)HIIMEFENTAD E, HBAIOW A EDT I/ R
HA DI B 728%. (100). (100)[HIZ DBS O ALk CEEFEANED < Eik< A
ERL, ETHZETHEREZHELZEEZ NS, LML, BEY IV
WHEEE<LTSE, b WRESFALIZZ EN5(100). (100)ANDREFIZT
IWFINENRESFLGLTWDEEZ NS, #REERDE. 7/ HDOT S
REIZ Val 1Y T O EJNVENER L TV, BUKIETH D1 7O ENEOFFLE
M5, BAKIEA BT R W BS <2 TsOH MIKETEMERITIEDEICL <, HIZIhEg
TR WBUK IR Z D DBS IIIE LT hozEE X 5,

mQ. @. ®. @MY T 5(110). (110). (110). 110)E TIXREIZEH T 5
AREME DB DBEHENT 2/ HENIARF RO 2 BAFET 5. HIIVRFT
HOBA FMCABMELDZNFVBRERFELH N, WELEWEEILN
%, TD7z® DBS OWENRIELL. FADOREKENSIEED, ZOxmidk
EBLEEEBEZ NS, aliiAMOEIIEARGBKRENHEES N, b HCAmdA A
DEDFE R EZF T 5728, Figure4-25 OFEIZ DBS ZiRINT 5 S E UL &

NESNEEEZ D,

DBS O 7 I)VFI)VEZEE < L7z SOBS, BSIZDWTH, ®. @mIHEFHLEM
ENFER SNz KT, BS1EO, @EAFaEWE L72We®, 10 mmol/dm’ 2L k
T2 & G/GoM 0.5 2 TEISREDH GREMER UMK IR0 o 72,
®. @ 2B L TE#9 3 mmol/dm® T G/Go A81FIE 012725 Z EWRER SNz, T
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tHhH, 2 EBTIHELZEOEE 5.6 mmol/dm?® T b Bl N H SR EHEN
INND, a BTN IEFE EMMDNSTRNWT &12732 5. &Ko T, Figure4-26 DM T
RN UIRBIZRSTmEEZ NS,
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Figure 4-23. Crystal structure of each crystal face. Green line shows Crystal

face, blue circle shows Amino group, and red circle shows carboxy group.
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Figure 4-24. Left illustration shows the mechanism of changing crystal shape after
adding DBS. Right SEM photograph shows Val crystal crystallized in the presence

of 5.6 mmol/dm? DBS.

Figure 4-25. Left illustration shows the mechanism of changing crystal shape after
adding BS. Right SEM photograph shows Val crystal crystallized in the presence of

5.6 mmol/dm? BS.
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4.10. EH A D pk il
QETRLUEBED, 47 BT LRENA BTEAC IZIXEA AR, c #ih

FANDREIZHFG L TWD I EARBE SNz, I T, EBRITEDORERES AN
CEHEG T 20N EERL 7z,

410.1. REAFE

8 Hik% Figure 4-26 12”9, 9. L-Val 6.5 g/100g-7K D faFI/K /A %
60°C TIAMRT 5. T DIRIZAINAI BTEAC ZNA, B 6cm DL v — L1 6cm?
WIMU7z, LICHEZE<SASE, 3HRESE, R Lz, il Lz#iz
E2ty hTHRD, Koz ERD, &ZBIETHS SEM BGZIG L. 4
F 60° IZEW=BEZ AW, BEASGBHEIT TR KEITEWIRET
SEM B Z Hufs L7z, fSonzmigzillkl . JEAZFHIIL 72,

6 cmSy—L
Z0F ADL-Val 6mL =
6.5g/100g7k (40 CRIAER)

c
<Cooling> SHEERTHE i: S~ \ﬁ
<pick up>
benzyltriethylanmonium chloride
<SEM analysis> (BTEACQC)

Figure 4-26. Left flow shows experimental procedure of measuring thickness of Val

crystal, and right figure shows chemical sturecture of BTEAC.
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410.2. #ER - BEE

BRI BTEAC ¥EEE, MEhCE S ZH > 72#5 R % Figure 4-27 1Z/R9. 0.56
mmol/dm® ¥ TId BTEAC EFRIN & 58 &£ id/ad » 4%, 5.56 mmol/dm’
(1 mol% vs Va)iRfing 5 Z & T, JEADHK 20%HEML 7z, BiZ. 28 mmol/dm’
(5 mol% vs Va)E TN S B 5 &, BRI 2 fFiZiz- 7z,

FERINBESRM TN Uz Z2HRmZ L7z SEM 5 E % Figure 4-28 [TRT,
fREEEZ 5 &, BTEAC 0.55 mmol/dm® ¥ TIIILEKMEN WA SAEOE N
BARKE RN E SN TNWD Z D5, —F, 556 mmol/dm?, 28 mmol/dm® &
BTEAC BEMNEMT 120N T, Val #5EAHEEB L TWD X D RERFNEHRS
Nz, TOITEMNS, BTEACIZE D c A MO i ORI — ) 7akd TR
5NN NAT Y TRRET SO TR, IERITKERYIOATY T
DIRIZRADBZERL THREL TNnEHDOTHLEELZLNS

T, BELEOXIBBREDENEFEELZONBR L, £T(00)HED
KMIZIEHT D& BTEAC WERICERBESRGOLE, BoN/zfHEo 1D
1 DOEMNIEFIZE N, —F. D BTEACHHIBEDORAETIE L A7y TNE
<MD OAT Y TOBREMLOK S &S L TEEIZLZ W, 70X Ty

EEORIMHEFOREIICHLLTWLEEZ S,

DBS NG T O/ SRR DB, 28 L U 7= Fri Ofs f R B E L G/Gold 1
ZORELBDET—AMENEHRE U7=DY, BTEAC fF4E R TOO01)HE A7 D B
E/SDBS EFBKIC —ERGREN I E-> T, ZOBFEMETHRET L0
MEBBTH 7258, GG 1 KD&E <D, MEAMEF & Ledk U T001)H
MOKREMEESNZOTIEEHR TN S,
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Figure 4-27. Correlation between concentrations of BTEAC and thickness of Val

crystal. These results were average thickness of Val crystal (N=4~10).
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SEl _ 15kV WD15mm 5850 ) SEI 15V WD15mm  SS50

SEl 15kv WD16mm  $S50 SEf  15kv WD15mm  $S50

Figure 4-28. SEM photographs of Val crystal crystallized in the absence of BTEAC
(1), and in the presence of 0.056 mmol/dm® BTEAC (2), 0.56 mmol/dm? BTEAC

(3), 5.5 mmol/dm® BTEAC (4) and 28 mmol/dm3 BTEAC (5).
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1. £&80

AWFFETIERIMFNC BT D Val BfELEONDOREHRFICELT. v 70X
-7 OEGEED SEMmARREZE L. ML 7,

DBS {EEIZ(100) i A TR E < KFE, fREHEFEZSIERI L. (100)H T
MOKEZ LDz, (110). (110)EA MR L T I7Z 0 # Mk AN EE D,
HOF AL ERTHRET 22 2R TE .,

X7z, DBS FHEALOLENS, RMFOT IV FIVENRIZ o BiH RO
(100),(100)HNDEHFIZH L TRESHFEGLTWD I EEHR L, TNITE -

T, VIVFIVEHEDE W DBS 13 o #5112 iR < HE T 2 72 O fl R Wi AY AT
SN, W LUTBS I afiliAmafkEHELRWED, PR FERENHESN
L biAMED aliAMAKEL. ODUBOKENEIINEZEEZ D,

HIZ, ZRE{LiZ SEM THZEL. £ —EfAREMFIEL, T LEh

SFZRANENNRE DX DITHRET D I ENRB SN,

T DEAFMORELIZDNTIE, HEROEAREN S, #MEl BTEAC
% 5.5 mmol/dm® JUTZNLL LIRINT 2 Z & TREMDIEANIET Z EAVRE I N
7zo (OODEAMNIZLE L., TNAREREEDOIMEITEEL THD SHHlan
7o
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23 SCHk

37) 8 FEER], B, 2007

38) N. Cabrera and D. A. Vermilyea, Growth and Perfection of Crystals, 1958, 393.
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5 E. Val [TX T 5% FME L-Leu BLD
EDIAFEMEF D-Leu DRIE

123



51. HX - HAY
AETEDHROTI VBEFAL TS0, BILEH<ZOIZ LD (-

Val] &&KELT D,

2 BT L-Val #RIZH U BCAA #B%AKTdH 5 L-Leu, FE7zid p-Leu ZIRFML
72 L-Val IR E A WTHREI® 5 &, L-Leu TIRERICMMASFEAE L, EEAME
WSS 537z, —75, p-Leu ZIRIML THERICEIZTFRER SNT, ER
& MRk R ERANELAR AR RS NS 57z, L-Leu 1 1-Val & EVAMK 2 BT D1k
HefioTWb I EIFHETHRLEN, ZTOVNAHREEATHS p-Leu & DY
DAHZEEZEAL TEHHME SN TR, ZI T, LEE D KT AAZE)
MELTR D ARG &L Tz,

TIT, AETHLKDYI JEBEERANELEBOTANTY 2 VBN LK
DHFAHE D EROBHFEITBIT2WMOAENHDOENERKT S, /2. YA M
TOREE WD AADEFZDONWTOMEZHENITHIEEHNET B,
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5.2. EEHIE

B 5L % Figure 5-1 127”9, O A A, B #2509 21213 &4 U 7=k
b e d T 2 HIENE L TWB 0, ERIZERE, mASTEfT 0, 2 E
L7,

£9. FAT T AT 1-Val 30 g/dm® KiEHEHE L. L-Leu BEL U p-Leu %
EEORBRML., - B L7, L-Val & L-Leu £/21d p-Leu 2B DERIKZE
L-Val I 20 wt% vs HoO 12722 F Tl L7z, MMAT U —MAokF A7
T A% 50 CIRIBIZEL.10 CTETI10 Thr OFEETHHIL, —BERELL 7=,

BoNZATY—2045um AT L 2T 4 ))F—TH#E L. ki & gD 8t
UTzo BUAG U 7282 SO EEIZx LT 500 wi% D A%/ —)LERML ., 10 4
BHRRIZ 045 pm AT T 2T 4 )V —TIERT 5 T & TREEZ RV 7= Pkt

Y

15T, WATEIOEAT T ¢ — Rk, YedvkE S, BHREFNF4 HPLC TH#r

Zm

-

. L-Val, r-Leu. p-Leu Z2FNFNTEHEL .
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L-Val solution 30g/L

— D-Leu
«— L-Leu
<Concentration> pressure 123hPa
bath temp 70°C
final conc. 20wt%
<Cooling> 50°C => 10°C cooling rate: 10°C/hr
1atm
Wet Crystal Mother Liquor
— MeOH 500 wt% vs crystal
<reslurry>
I
Wash Liquor
<Drying>

Complete washed Crystal

Figure 5-1. Experimetal procedure of evaluating the incorporation of D-Leu and

L-Leu to L-Val crystal.

HBOABZEFOIBIZEE L, AFOEBIZDWTHIEZEML 72,
Sk 7 O< N7 57 0 — (HPLC) :  #&m, RS O/
Bk X ERIEYT (PXRD) @ 5 5HEiE

&

B

SEM :
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5.3. ot - BlE &M
[HPLC]
— R,
AMATLZERY EPHWSENSZ ENE W, LML, AHETIHE L-Leu

T JBOERBIZEANYTI VBT FI1Y L8900 Iz FEFZNBR

E p-Leu 2T D 2 EMTERWZD, HFHNEH T LEHAWE HPLC 7047

REAWTERZTTO 2.

5 P H B HITACHI Chromaster

Column: =#{t% MCIGEL CRS10W

7o LRE - 30°C

Mg 254nm

HIERER 15 5

Tk 1 cm?/min

BEIM 1 mM CuSOs aq./MeOH =85 : 15

TERIE 3 mMERE (STD: 100, 200, 300 mg/dm?)
[PXRD]

{5 FI B8 Bruker D2 PHASER

X BRI CuKa (1.54184A)

HESRT o B 30V

HUE A 4~40°
[SEM]

S HAEF ISM-6510
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54. ALY X /BBEONAKRII KLY IABZEE) DE
ETTANT I/ BEOMKIIE DO ABEIITONT, BROHELLLNS

EWEIR LU, £, BERFEEDOKZ Figure 5-2 127k 7,

L-Val 12 LT L-Leu ZRMU TRATZEIT 572856, L-Leu |5 R D LR
0.1 ETIHIZEF 11 OETHEIN TN, EEFOLEN 0.1 2BATL5
& L-Leu DHVADENL <725 FERET TS, —H T, pLeu ZIRML T
G AT EAT 2 785 E . p-Leu ISIMEMNFHE D L-Val IZK 3 5 p-Leu FL3 0.12 £ T
HERICE<IMOAENTRHRICBITT 2, LML, pLeu lhE 0.2 ZBZ 5 &,
FHIRIZIE p-Leu L 0.12 BLERBITE T, IXRTHERFICBITT S, RHRFO
D-Leu AMEZBA TWALDITHLIEEEZ NS,

PLbEns, ROABEEIIROBOIZEELEDH SN D, L-Val 1IZX L T L-Leu 1
ST AT DHLRIZBED 5 FHRERFICIDIAENTB YD, — 4 T p-Lew [TIAMEET
WEEDAENTIC, BMEZBBLZDOHNTIL TND XS gz i 5,
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0.4
o ®|-Leu/ L-Val
€ 03 | OD-Leu/ L-Val
=
£
= e b
©
2 0.1 N
g O
O
c a
H o0 o -6—0
0 0.05 0.10
In Mother liquor [mol/mol]

Figure 5-2. Distribution ratio of Leu / L-Val. Symbols show the ratio of L-Leu to

L-Val crystal (&) and the ratio of D-Leu to L-Val (O).
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5.5. XRD 05 B 7-#E SIS DE L
L-Val IZ% 9 % L-Leu. p-Leu O ODIAAZEENIKES BIz>TWie, I T,

L-Val & A NT 2 BEDNRET DEROMBEICDOWTRE L, BIF. B
OHkE (P ARNT 2 )B/RANT 2 /B EFET 5, HFIIEEFD mol
R—ADHKILERL TWD,

L-Leu / L-Val ® PXRD AX7% k)L % Figure 5-3 IZ;73 . L-Val D(001)HIZE%Y4
T520=73° ., (00QHIZEHETH20=147" OE—IIMEAEMIZ T RL,
L-Leu DEBBWINT HIZDONTE—I N7 O0—T 4 7§ 5 mMERER, &
AU L-Val BAMEFHIZ L-Leu D FHRODIAEN, ¢ WO FESIELZZ
EERLTND, /2, L-Val BROE— 23S &5, 1-Val Bk
WA IR, L-Leu/L-Val BEEADOAMHL TWDH I EEZRL TV,

—%. p-Leu/L-Val IZ DWW T % Figure 5-4 2,89 PXRD A7 MLV EREL
77 L-Val BIKO ¥ — 27 & pLeu TIH/AZWHHE— 7 0 2 fFENMRHE SNz, 4
Z W, L-Val, p-Leu DQODE I E—71FENE320=7.3" . 6.0° 745, W
TIUIHZE LR 20=7.0° OE—INF=Icmti SNz,
p-Leu / L-Val = 50/50 I1ZBE o Tl 1-Val, p-Leu BAD Y — 7 i3 I Nd, #HiM
E—27 OAMRH TNz, £, ETOHMKT v-Leu BAOE— 7 13 &N
A RRSY A

LALLM S, pLeu/L-Val RTIRMTH T 24T L THRBEAE L THEL T
WBDITTIZR<, L-Val DE{KE p-Leu/L-Val DEEE E OYMEIREEY TH 5
TEWNTRRE Nz, ey BSNBEEE ORI p-Leu / 1-Val =50/ 50 T
D, 1 KDY v —TRE—IDHPRILINTND I ENS, pLeu & L-Val Y
BRAEL<SBIILTWLEBEARO 1 BETHLH2EERERRLEZEEZZ 5NS,
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A L-Val

L-Leu/L-Val = 9/91

Intensity

L-Leu/L-Val = 16/84

L-Leu/ L-Val = 34/66

L-Leu

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
26 [°]

Figure 5-3. PXRD spectra of L-Leu / L-Val crystal. The composition ratio is
represented by mol/mol. (purple) L-Leu /L-Val=0/100, (red) L-Leu /L-Val=9/91,
(blue) L-Leu / L-Val =16/ 84, (orange) L-Leu / L-Val =34/ 66, (Green) L-Leu / L-Val

=100/0.
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A L-Val
~nD-Leu/L-Val = 16/83
D-Leu/L-Val = 35/65

o\

Intensity

R —

D-Leu / L-Val = 50/50
D-Leu

5.0 7.5 100 125 150 175  20.0
20 [*]

Figure 5-4. PXRD spectra of D-Leu / L-Val crystal. The composition ratio is
represented by mol/mol. (purple) D-Leu / L-Val = 0 / 100, (red) D-Leu / L-Val =
16 / 83, (blue) D-Leu / L-Val = 35 / 65, (orange) D-Leu / L-Val = 50 / 50, (Green)

D-Leu / L-Val =100/ 0.
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5.6. p-Leu / L-Val FE£E S O/ OEH
D-Leu / L-Val 3:#E &5 OF R L NA Y12 50/50 TH D5, PXRD DY — 7 HRED

e SMEEEEM L 2. F DR E Table 5-1 12RT,

(aiE i%]
@ HPLC #HWWT L-Val & D-Leu DEINHRZHIE L /2.
@ L-Val DOODEDKEE—7 20 =73° OMBELLNS, SHEEPICEEND
L-Val BIEDEINHEEZRN L.
® L-Val B{ELSIME AT p-Leu / L-Val DEEARZERL TS E-EL, BiE
KD L-Val mEE Lz,

(GHE#1 (Runl))
PXRD DI#EEHN S L -Val BIED LRI
1412161 / 2064157 = 68.5%
HPLC THIE L 72 R D E D7 L-Val 14 84.8%72 DT, HfEfE U THFET S
L-Val X
84.8-68.5=16.4%
D-Leu I3 & THEAKRE L THEL TWD ERET D7z, HiEFEF O L-Val L
T FDL DI85,
16.4/(16.4+15.2) =51.8%
FEEDFEZ run2, 3 THEML., ZNZNUIDVWTHEEREF D L-Val LEER
U7z, TR, MEEICAWEZ 332 7IVETT L-Val ERIZNTNBHIEIE 50
mol% & BN EN/2/20, o N s S ORI D-Leu/L-Val=1/1 TH 5.
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Table 5-1. The L-Val content in the solid selution calculated from the result of PXRD.

RUA HPLCHESR [mol%] intensity L-Val #F1£Lt [mol%] BEEaAOL-Valtt,
. L-val D-Leu L-Val HHK L-Val/D-Leu
L-Val 100 0 2064157 100 0
1 84.8 15.2 1412161 68.4 16.4 51.8
2 67.2 32.8 614536 29.8 37.4 53.3
3 50.5 49,5 28810 1.4 49.1 49.8
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£ 5 7z L-Leu/L-Val RIZDWT, (001 E— 2~ DTN d % Bragg’s il(5-1)
NEEH U7z,

A = 2d sinf —(5-1)
A X BRI E

X BREMTTHA L7z X #E Cu Ko DI EIL 1.54184A TH O, ZNERAL
THENUZHMR%Z Figure5-6 IR 9, (KAEMIZS 7 T2 0nS 2 &3, WG
M imA& TN c WA IZILRENTNSH E VWD T ETH D, L-Leu/ L-Val T TIE
L-Leu EDENAKZEHR L. L-Leu LEBNE <7221 EEMEFOILRENS,
—7. D-Leu/L-Val R TSNS EVEMKIL D-Leu LICBARR <, WIZR UK TFE

135



® L-lLeu
O D-Leu

0 10 20 30 40
Xi-teu [MoOI%]

Figure 5-5. Correlation between concentration of Leu and 26 of (001) face in
PXRD spectrum. Horizontal axis shows Leu ratio in crystal [mol%] and Vertical

axis shows 20 [°]. Symbols show L-Leu / L-Val (@) and D-Leu / L-Val (O).

7
)
2 ?r“'/'/
T eL-Leu
OD-Leu
5
0 10 20 30 40
X Leuw [MoOl%]

Figure 5-6. Correlation between concentration of Leu and lattice spacing d of (001)
face. Horizontal axis shows Leu ratio in crystal [mol%], vertical axis shows lattice

specing [A]. Symbols show L-Leu / L-Val (@) and D-Leu / L-Val (O).
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5.8. &IV
Figure 5-7 I2;R9 SEM BEEN SHRONER Z g 2 &, BRENEEICR
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D-Leu / L-Val DFEEARTH 2 i/ R NEEL ThWd EEZ 51D,
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SEI WD15mm

SEI  10kV WD15mm SEI  10kV WD15mm SS50

10kV WD15mm WD15mm SS50

Figure 5-7. SEM photographs of crystals. O L-Val (x100), @ L-Leu/L-Val=
2 /98 (x100), @ L-Leu/L-Val=2/98 (x400), @ p-Leu /L-Val =35/ 65 (x100),

® p-Leu / L-Val =35/ 65 (x1000).
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5.9. D-Leu / L-Val D& FkE s

5.9.1. BifRER
PXRD BLNHPLC D#EHRE LD, p-Leu/L-Val lZ 1:1 OEFEFZZER L TWS

ZENRBEINZ, FNEAHT 5720, BEZIE L. X BEEHTET
BOEEZ T, LML, BRIZHETHHARITZIT O Z T THERAHMEL. X
TRMEEMAT 21T D I T AR E TG T2 2 LN TERN o, ZDRDIKIK
PLEGE 9% BT HEESREERL 2,

F£9. Val ORIFIKBRIEZERE 2 cm OY > 7 I)VIRIZ 2 em® AL, Z0 Ly
5. I/ —I)ESecm® ZKBEREIT SR NWEDICEERICIK > TH FLZ. &
THEEHL, 3 HHET S Z & T 300 pm BOBKENE SN,

5.9.2. BiE& X #RiBlE &M
DO < IEH O TRV F—INEERVIZEHRS PF-AR NW12A Z H W T X 1 & G
L. Erfgz s Uiz,
- X BRI E: 0.75A
BIEREE: 100K (mHBEBRER T A 2 W E AT 720 S HE)
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59.3. #FR
ST TR ONIBE/NNT A= — 2L NICRET . RO ek E TROGIRAT
MTETND I EZ2MER LT,

s BN T A= —F 16.55
- RRE 0.69 A
*R1 (ST RONRENEHE) - 0.0819

* Goodness of Fit ~ (RiGEMEHTHE R DK HIHEHE) © 1.439
* Flack /NI A—%4 — (GERERE OFEHE S OFE4F) 1 0.03

KT, SO /Ny F > 7% Figure 5-8 12779, ¢ A IIZIE, L-Val &
D-Leu MWAZEIZEZIERR L TWD Z EMB e Eia o7z, AR, M8EE L
OHKMEAREEMDNS/22BE, 723, WIVRF I HEOKEKEHEERM
M STR 5 BN BT Tz,

F/z, BRERFRERZE Table 5-2 [TRT, #ifE. 2EHEE. BTFEHED
INT A =5 — IR ER L TV 5 p-Val / L-Leu #ER O XHMEE <A U TH
27z, Flz. TRIMETH 5 pL-Val EHEIE. SREBENRISTHD 2 Eh
5. T IhE e & AR OB T p-Val / L-Leu 3RS R S 1172 & HERI X
%o pL-Val &EELL T e @ MAVE TR E N TV DAY, Val DfIEEE D Leu
DRBEDHMAFINEL DHENWEZDTHDEEZ D,
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Figure 5-8. Crystal structure of D-Leu / L-Val co-crystal at b axis projection.

Table 5-2. Crystallographic constant of p-Leu / L-Val co-crystal.

D-Leu / L-Val D-Val / L-Leu™ DL-Val'?
Crystal system Monoclinic Monoclinic Monoclinic
a(R) 5.18 5.20 5.21
b (A) 5.40 541 541
c (R) 25.0 25.1 22.3
a (°) 90 90 90
B (°) 110.9 110.8 109.2
v (°) 90 90 90
Space group P2, P2, P2,

t1 Acta Cryst., 1999, C55, 1547-1555.

1t 2 IDCC (International Digital Curation Conference)




510. BHIEHFDHEA M, AT 2 ) BOBEREZRA
L-Val IZ%f U T, L-Leu & D-Leu ODHOAAZEFHIMNED J & 24TV —ILT

MR L7z BROAABZBENGED E WD T &I, BRFEESH R0, WEITH 5 R
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ZME 3 5 & Figure 5-9 1R T KD ICEHR P OIBMREICKERENH 5 7=,

L-Leu / L-Val R T, BHEH O L-Leu BED LH 212 L7A5 T L-Val D
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I L-Val JBEDED LTz, 25 SIEE TW S ARSIV, Z0EWN,
IZDOWTERLE,

L-Leu/L-Val R CTIIEE DML TRIAAKRZIZRT %, L-Leu (KR E M TS
SNz BEVEMR ERHRIZIZIER CHRIL TH 5, —MRIZ, EBEOHKRTERT S Z
EINTELENEMRIL. RANTY I/ BET AT 2 JBEOHMBRLN 1:112ED <
WZDONTHBETFNIRENDS T ENHASNT NS (Vegard DIERD . £72. 1k
B DYRIRE &SRR D 2B T TR F— (O RETFROLEYRE D
FEEE(ro) IS BIT B (5-2 ). HEMAEFAEIR, HlE o MKEL B IETUIR
INELTRD, WREITE <25, LEN> T, BEAD L-Leu LNE <72 512D
NT, L-Val DBEREDELS IR EEZ 515,

U= — NaMgz.z-€* (1 _ %) — (5-2)

4'7T€0T0
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—7. D-Leu/L-Val I35 5N 54550 D-Leu/ L-Val = 1:1 D3LfE S & 1-val B
KTH3, EB56BHK. HEBTHRICELRNZD. KT BEMEIT—
ETHDEMHMEND, £, D-Leu DMERIBE DFEIF T D-Leu & L-Val DL
AREZE A2 9 D-Leu/ L-Val DEVAKRAWTHI L T2 29, p-Leu BEIZLS
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BAZTHIT 5. BiZpLeuBEZ LT TV &, L-Val OKFNT S B2 7KFIK
2 D-Leu 73 FOKFNZTHEDODNTLUE D728, L-Val DIEMRENFDLTIZEEZ D,
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Leu in ML [g/dm3]

Figure 5-9. Correlation between Leu concentration and L-Val solubility in mother
liquor. Concentration of L-Val in the various concentration of L-Leu in mother

liquor (@), concentration of L-Val in the various concentration of D-Leu in mother

liquor (O).
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5.11. p-Leu / L-Val DIk &4 i
51.1. 9FHEBRCKH2HEFBEREREBIEBOHT
INETOHRENS, p-Leu/L-Val RIZBNWT p-Leu 1L BARMEIZET HE

TEATHET, HBAMEZEIBZ 5 & p-Leu/ L-Val DM E L THIIE L 72,
THUNIHREN > TWD L-Leu/L-Val D% 138725, L-Leu/ L-Val & Tidks
Fa A DBRIZ L-Leu B FAEREBEMICKAE L. L-Val #itETICHRDAEN D,
—4 T, DBS /3F® L-Val #i S RHIZIE LT 2 LHER S D08, #EEHETICH

DIRAENRINoTEBEZ SN,

L-Val 5 551d o 5 IR > T -Val 2 F2BAIEL <EFILTHO, HILARF
SHET I ENFNTFIUKEREERERL TNS,

L-Val O#EFHEZE D TEMTHEIIL, L-Val. p-Leu ZNENHEE IR EE
DOFEEIREEZ Figure5-10 12789, L-Leu 2SS/ 8E. WA O L-Val #i& &
R @ SlA AN AATIZIR D L DT 2/ EON EAIARFTED O D1 DN
BHIL TS, —h.p-Leu ZREG IV THD & ND a WA TIZR ST,
b AT AT KBRS DB S Nz, KEHGORE IRV F—IdERan
M, BAEKBEEGOHVBLIRINF—IIARTH D, KERGOLEMET L-
Leu/L-Val>D-Leu/L-Val TH D EHEMEND, LL LN S, L-Val DRI LT,
L-Leu |JMEE QML TEVAAKRZ BT 54%, p-Leu ldH DIBE L TIHEBEKZIE
R TERD o7z LR & LTz,

145



Figure 5-10. The state of the molecule when L-Leu or D-Leu binds to the L -Val
crystal structure was reproduced with a molecular model. L-Leu molecule was
placed in the yellow circle in upper figure. D-Leu molecule was placed in the yellow
circle in bottom figure. (black) carbon, (white) hydrogen, (blue) nitrogen, (red and

yellow) Oxygen.
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AHEE Y 2 —)b: Forcite™ (A FHGEFREES 2 —)))
BT 22 v VRS ovifD) ) (KOG EWO/NS IR EETIIALT 5
FZOIZHWEND —BRIRGETF R T > 2 v IVBIE)

A MN3F:  L-Val, L-Leu, D-Leu

147



fE % Table 5-3 12/RT . EiMEITIUSENWIZES A hF &S RET O ER
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WHZETH5, L-Leud L-Val EIZIERETH D, BHIMENE W ZDETEDRE
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Figure 5-11. Structures of system used for interaction energy estimation. The
structure in which one molecule in the crystal lattice of L-Val 4 X 4 x 4 is replaced
by a guest amino acid (A). In the structure A, a guest molecule was removed to
form a vacuum layer (B). In the structure A, all the L-Val molecules were removed

to form a vacuum layer (C).

Table 5-3. Interaction energy E1.

TFANTI B £ [kI/mol]

L-Val -34.5
L-Leu -30.5
D-Leu 185.7
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(1) Study of incorporation behavior of L-Leu and D-Leu in L-Val crystallization.
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Abstract

Branched-Chain Amino Acids (BCAAs) are essential amino acids mainly produced through fer-
mentation. With respect to BCAA crystallization, the incorporation behavior of L-form BCAAs as a
guest amino acid in the crystallization of L-form BCAAs is well known. However, the incorporation
behavior of D-form BCAAs as a guest amino acid in the crystallization of L-form BCAAs is not clear.
In this study, we focused on the crystal conformation and incorporation behavior of D-Leucine
(D-Leu) and L-leucine (L-Leu) in the crystallization of L-valine (L-Val). Moreover, the difference in
the incorporation behavior was investigated on the basis of the distribution ratio of crystals to
mother liquor, and the crystal structure and interaction energy were calculated using a molecular
dynamics method. The crystal composed of L-Leu in L-Val formed as a solid solution and L-Leu was
substituted into the crystal lattice of L-Val. In the case where D-Leu was added as a guest amino
acid during L-Val crystallization, D-Leu was not incorporated into the L-Vallattice because the in-
teraction energy between a D-Leu molecule and the L-Val crystal lattice was substantially greater
than that between an L-Leu molecule and the L-Val crystal lattice.

Keywords

Branched Chain Amino Acid, Crystallization, L-Valine, Leucine, Solid Solution

1. Introduction

Amino acids are the fundamental building blocks of peptides and proteins and are used innumerous applications
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including pharmaceuticals, medical food, and fine chemicals. Collectively, L-leucine (L-Leu), L-isoleucine
(L-Ile), and L-valine (L-Val) are known as Branched-Chain Amino Acids (BCAAs). BCAAs are essential amino
acids and necessary for proper muscle function. Recently, BCAAs have been reported to prevent locomotive
syndrome in the elderly [1] [2]. In most cases, BCAAs are commercially produced through fermentation. Small
quantities of other amino acids, including other BCAAs, are also produced as impurities during the BCAA fer-
mentation process. The target BCAAs must be separated from impurity-containing mixtures to be shipped as a
product. In BCAA crystallization, other BCAAs are known to be difficult to separate because of their common
components and tendency to form solid solutions [3]. In this case, “solid solution” refers to a crystal structure
produced by random inclusion of impurities into the lattice of the host amino acid (i.e., the target amino acid)
crystal. The formation of a solid solution during BCAA crystallization has been reported to be a consequence of
the host and the guest amino acids (impurity amino acids) having similar branched hydrophobic side chains and
crystal structures [4]-[8]. Co-crystals with a 1:1 ratio of D-form and L-form BCAAs have been reported [9]-[11];
however, quantitative evaluations of their mutual incorporation behavior are rare.

In this report, we focus on the crystal conformation and incorporation behavior of D-leucine (D-Leu) in crys-
talline L-Val (D-Leu/L-Val). For comparison, the incorporation behavior of L-Leu in L-Val crystals was also
studied.

2. Experimental

2.1. Materials

The D-Leu used in this study was a special grade (purity > 98.0%) and purchased from WAKO Pure Chemicals.
L-Leu and L-Val used in this study were pharmaceutical grade and purchased from AJINOMOTO Co., Inc.

2.2. Methods

The experimental flow is shown in Figure 1. First, a 30 g/L L-Val aqueous solution was prepared. L-Leu or
D-Leu was added to this solution and the resulting solution was stirred. The solution was then evaporated until
the concentration of L-Val in the solution (Cy.y,) was 20 wt%. Crystals formed in the solution. The resulting
slurry was subsequently placed in a 50°C water bath, cooled from 50°C to 10°C at a cooling rate of 10°C/h, and

L-Val solution 30g/L

< Guest Amino acids (L-Leu or D-Leu)
Mix liquor

<Concentration>  Under vacuum: 50 °C (123 hPa)
final concentration: 20 wt%

<Cooling> Ending temperature: 10 °C
| cooling rate: 10 °C/hr
<Separation>
|
|
Wet crystal Mother liquor

< MeOH 500 wt% vs crystal
<was|hing>

<Separation>
[

[ |
Washed crystal Wash liquor

<Drying>

Dried crystal

Figure 1. Experimental flow of L-Leu or D-Leu crystal-

lization in L-Val.
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then maintained at 10°C overnight. The slurry was filtrated using 0.45 pm membrane filters. The wet crystals
were washed using MeOH. The concentrations of L-Leu, D-Leu, and L-Val were analyzed by high-performance
liquid chromatography (HPLC; column: MCIGEL CRS10W; column temperature: 30°C; detection wavelength:
254 nm; measuring time: 15 min; mobile phase: I mM CuSO, aq./MeOH [v/v] = 85/15; flow rate: 1 mL/min).
The crystal structure was analyzed using powder X-ray diffraction (PXRD: Bruker D2 PHASER, CuKa, 30 kV)
and the crystal shape was analyzed by scanning electron microscopy (SEM; JEOL JSM-6510).

3. Results and Discussion
3.1. Solid-Liquid Equilibria of L-Leu/L-Val and D-Leu/L-Val

The initial experimental system is represented as the molar ratio between the guest amino acid and the host
amino acid. For example, L-Leu crystallization in L-Val is represented as “L-Leu/L-Val”. A comparison of the
incorporation behaviors of L-Leu/L-Val and D-Leu/L-Valis shown in Figure 2, where the ratios of guest amino
acids to L-Val in the crystals are plotted against those in the mother liquor at equilibrium. In the case of L-Leu
used as aguest amino acid (blue solid circles), L-Leu was incorporated into L-Val crystals. The impurity content
in the crystals was linearly plotted against tha tin the mother liquor. By contrast, in the case where D-Leu was
used as aguest amino acid (red open circles), all D-Leu remained in the mother liquor. When the molar ratio of
D-Leu to L-Val (represented as xp..,) in the mother liquor was less than 0.12, D-Leu was not incorporated into
L-Val crystals. However, when xp_ ., was greater than 0.12, D-Leu crystallized with L-Val crystals. Thus, the
solubility of D-Leu in the mother liquor was xp 1., = 0.12.

In summary, L-Leu was incorporated in a certain ratio of x; ., in the mother liquor. D-Leu was not incorpo-
rated when its concentration in the mother liquor was less than the solubility limit; however, D-Leu was crystal-
lized when its concentration in the mother liquor was greater than the solubility limit. In this report, we mainly
discuss cases where x .o, <0.12 and xp_., < 0.12 in the mother liquor.

3.2. Crystal Conformation

The structure of crystals obtained by crystallization was analyzed by PXRD (Figure 3). The molar ratio between
L-Val and L-Leu in the crystal is denoted as L-Leu/L-Val in this figure. The diffraction angles (26) of the (001)
and (002) peaks in the pattern of L-Val were detected at 26 = 7.3° and 14.6°, respectively. The diffraction angles
of the (001) and (002) peaks in the pattern of L-Leu were detected as 26 = 6.0° and 12.1°, respectively. In the
case of L-Leu incorporated into L-Val crystals, these peaks were shifted to lower angles than those of single-
crystalline L-Val and the extent of their shift was dependent on x; ., in the crystals. The relationship between
the diffraction angle and lattice spacing, known as Bragg’s law, is shown in Equation (1):

2dsin @ =nl (1)

where d is the lattice spacing, » is an integer (n = 1, 2, 3, --) representing the order of diffraction, and 4 is the
X-ray wavelength (CuKo: 1.5418 A). As 6 decreases, d increases. Our PXRD results show that L-Leu was

_ 04
B ®L-Leu/L-Val
© (.3 {|OD-Leu/L-Val
3
=
e 0.2 b
3
= -
T‘E,, 0.1 o
S d
0~ © -0—6
0 0.05 0.1
Mother liquor (Leu/L-Val) [mol/mol|

Figure 2. Plot of the distribution ratio of Leu and
L-Val in crystals and mother liquors.
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L-Leu/L-Val =9/91

Intensity

L-Leu/L-Val=16/84

A / \' . L-Leu/L-Val =34/66
L L-Leu

45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
26 [°]

% A L-Val

Figure 3. PXRD patterns of L-Leu/L-Val crystals. The molar ratio
of L-Val and L-Leu in the crystal is represented as “L-Leu/L-Val”
[mol/mol] in the figure.

incorporated into the unit cell of an L-Val crystal and that the c-axis expanded. Moreover, the incorporation of
greater amounts of L-Leu into L-Val crystals resulted in broader peaks. It was speculated that the regularity of
the crystal array decreased because L-Leu was randomly incorporated into the L-Val crystal lattice. We there-
fore considered these crystals to be a solid solution. L-Val and L-Leu peaks were not detected in any of the
PXRD patterns of L-Leu/L-Val. Therefore, L-Val and L-Leu single crystalsdid not form; only the L-Leu/L-Val
solid solution crystallized.

3.3. Crystal Morphology

The crystal shape differed markedly between the L-Leu/L-Val crystal and the D-Leu/L-Val crystal (Figure 4).
When xp_., was less than 0.12 in the mother liquor, the molar ratio of the obtained crystal was D-Leu/L-Val =
0.03/99.97. D-Leu was hardly incorporated into L-Val by crystallization. The crystal clearly exhibited a hex-
agonal-plate morphology, which was identical to that of the L-Val single crystal. However, vaguely outlined
fine crystals were obtained in the case of L-Leu/L-Val crystallization; this morphology was a result of the for-
mation of a solid solution. In the L-Leu/L-Val solid solution, L-Leu was randomly incorporated into the L-Val
crystal lattice. Because the side chain of L-Leu is larger than that of L-Val, L-Val crystal growth was stopped at
the point of L-Leu incorporation, disturbing the normal growth of L-Val crystals. Therefore, the L-Leu/L-Val
solid solution crystallized as vaguely outlined and fine crystals.

3.4. Estimation of Interaction Energy

L-Leu was incorporated into L-Val crystals, whereas D-Leu was not. We speculate that this difference in incor-
poration behavior was due to the magnitude of the interaction energy between a molecule of the guest amino
acid (L-Leu or D-Leu) and an L-Val crystal. The interaction energy is correlated with the stability of the crystal
structure: when the interaction energy is lower, the crystal structure is more stable.

We calculated the interaction energy on the basis of this assumption. The interaction energy is difficult to de-
termine experimentally; we therefore calculated it using a molecular dynamics package (Materials Studio, from
Dassault Systemes Biovia K.K.). The L-Val 4 x 4 x 2 crystal structure was drawn and optimized geometrically
using the cvff function, which is a generalized valence potential function used to model small organic crystals
and gas-phase structures such as amides, carboxylic acids, proteins, and a wide range of organic compounds [12]
[13]. A guest amino acid was used to replace one of the existing L-Val (100) surfaces (structure A). The crystal
lattice in which the guest compound was removed from structure A was constructed (structure B). The crystal
lattice in which all L-Val except the guest compound was removed from structure A was also constructed
(structure C). Structures A-C are shown in Figure 5. The interaction energy (£)) was estimated from Equation

(2):
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Figure 4. SEM micrographs of crystals: (a) L-Val single crystal (100x), (b) D-Leu/L-Val = 0.03/99.97 (100x%), (c) D-Leu/
L-Val = 0.03/99.97 (300%), (d) L-Leu/L-Val = 2/98 (100%), and (e) L-Leu/L-Val = 2/98 (400x), where the molar ratio be-
tween L-Val and L-Leu or D-Leu in the crystals is represented as L-Leu/L-Val [mol/mol] and the magnification is denoted
in parentheses.

Figure 5. Crystal structure (projection figures from the g-axis). This figure shows the case of
D-Leu in an L-Val crystal lattice. L-Val molecules are shown as stick models, D-Leu mole-
cules are shown as ball-and-stick models, and the void represents vacuum. Structure A:
L-Val 4 x 4 x 2 crystal lattice in which one of the L-Val molecules in the (100) surface was
substituted with D-Leu and the lattice was optimized geometrically using Materials Studio.
Structure B: Substituted D-Leu was removed from structure A. Structure C: Only D-Leu re-
mained in structure A.

Table 1. Calculated interaction energies between guest amino acid molecules and an L-Val
crystal [kJ/mol].

Guest amino acid E\ Ey Ec E
L-Val 123 128 29 —34
L-Leu 120 136 15 —31
D-Leu 340 143 12 185

“Guest amino acid” means substituted amino acid. Materials Studio was used to estimate the interaction energy

(module: forcite, potential function: cvff).
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E=E,—(E;+E.) (2)

where E,, Eg, and E¢ were calculated as the total energy of structure A, structure B, and structure C, respective-
ly.

The estimated interaction energy is shown in Table 1. In the case where L-Val was used as a guest amino acid,
E; represents the interaction energy between a molecule of L-Val and an L-Val crystal. A comparison of the in-
teraction energies reveals that the energy of D-Leu was remarkably higher than those of L-Leu and L-Val. The
interaction energy is correlated with the likelihood of incorporation. In the case of a high interaction energy, the
crystal lattice became unstable and difficult to construct; therefore, D-Leu was difficult to be incorporated.

4, Conclusion

A mixture of L-Leu and L-Val crystals was formed as a solid solution randomly constructed by L-Leu and
L-Val in the crystal lattice. By contrast, D-Leu was not incorporated into L-Val crystals and did not result in the
formation of a solid solution when xp_ ., was less than 0.12 in the mother liquor because the interaction energy
between a D-Leu molecule and the L-Val crystal lattice was remarkably higher than that between an L-Leu mo-
lecule and the L-Val crystal lattice.
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