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Abstract

The liquid diffusion coefficient is the fundamental data for depicting the diffusion process of various
solutions, and its magnitude is closely associated with the structure of the substance and the concen-
tration of the solute. The measurement of liquid diffusion coefficient holds significant research value
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in numerous application fields. However, the traditional approaches for measuringliquid diffusion
coefficient have certain issues, such as lengthy measurement duration, low accuracy or extended time
requirements. In recent years, thanks to the increasingly mature technology of optics and optical (wave)
spectroscopy, the measurement method of liquid diffusion coefficient has advanced rapidly and has
been evolving towards the direction of accuracy, sensitivity and rapidity. In this paper, the principles,
characteristics, and recent applications of four methods based on optical and optical (wave) spectros-
copy for measuring liquid-phase diffusion coefficient, namely optical interferometry, dynamic light
scattering, fluorescence correlation spectroscopy, and nuclear magnetic resonance diffusion sequence
spectrometry, are reviewed and compared, providing a reference for the development of liquid diffu-
sion coefficient measurement methods.
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1. 5|8

TWARY L R H(diffusion coefficient, D)2 —MEARMMIESE, EW AL THEAETUEE K
FEEBELZEN, 2T, ey T BRI RN 1]-[3]. 4017, WAH D H53E £ 28
Tk SES I E AR o R TR IR 401 G5 R B R T ARG T I S R B, ARSI B SOAS R A4 53
RIS B R B = VA R R 2%, B D EEIEAN B =, ARt 5 2 B AF Il & ik .

D BN S LG 771k EEAFEBRIOIE[4]. R HOE[S15, AT SN AAEN SRR A &R EA
T SEIGERAE SR . TR R R B [6]. CT L[ 7] Boltzmann-Matano 728145 %5 7) 5
e 7 ARG 7 iR ) AR i, (BT AR SRR BV T D BRI & . BEE T A AR, T A%
HCE) e 2 7 EIR W O I A D R R, XA RA REUE . WA HAER S
R TN AR 2 L FH ATUE BRI S8R B o AN 32 B0 B T 5 OB IS DG T 3G EUH (Dynamic
Light Scattering, DLS)i%:. ¢ YA % i (Fluorescence Correlation Spectroscopy, FCS)iZ:. A#ZBiILIRY #+
% (Diffusion-Ordered NMR Spectroscopy, DOSY )i %5 PUF il & H AR J5 38 . 7 i LSS AT 2538, DAHA
FEBAH DA TGRS, R TTEARIT AT TR E.

2. kFiFx
2.1. RFHENEBAFF A

TP — P T B MR VR FE 2 1R 43 A, 9 IO R rh i VAR P2 1R A8 A 3 B8O [RD I 20037 59 22 A8
[F], NGOG A EYT 2 AT 80, i o T Sk SO RUBERFAETH L H B — I 2004 o 2
K78 (893 Af, 454 Fick 3 @A D {H. 1952 4F, Longsworth [9] 8 IKAARE T —BIEWHI T34 %
UG, R EAE N TR S RS . 1971 4F, BaETAERH AN KE, Becsey [101%
4 BN B D B IR . T EE4E, Anand 25 AN[11TR M T Hr & B T#HA, FIFH CCD
HUERERINES, PTRASER SR 25 80, B TH RN BRI &R ARk R, e B HER
WARR] T HEKKIE, WAH D E & R AN R KK .
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ey R TWARRE R BRI 1 s, SO BOCEE = RIS RS ADCHRY s, 2
P T DAFRRARSOE I RO 5, SEARYT RAS T LUBOOE R BAR(ATEAS L R RE R A1 34 ), BOBOR LR
FHELEHRAF S E A DA F, 2ARESEOCHR D RINSH AR, VRAGEL Y il
LUE P BEN T3 — N R T, AR S8R BT i 6 S £ 0 Was AR HRAE 7> R8s+
HWFW %L il CCD BT sk e fic st il v L BE T 70 I AL BE[12] [13]. 7E9 H0d
FEr, AR LA T AGE LR AR KL, 28 T S A AAEAN RN 8] 7 A 67 22
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Figure 1. Schematic diagram of the device for digital holographic interferometry [14]
E 1. HFreB T EREREE[14]

TR EA RO MBS R SRS SRS, PR Bh el 30 0B IR D (6, ST
P TARFESOBAR R D AEAT IR ZETEHILE 0.1%, SRR IR ZETEHLE 1%, "Rl D (EIEHLE 10712
m?/s~1070 m%s, PIMET-PREC Z N T D ENE . o T WAL RN E IR b RENS SOt IR e fid
ARG, PRAEFFIABT G G DT IER — ML I T-B  JLP AL i I 1R SR 567 A AN RS
Wi, 0,70 5 3 2L HEY), OUHREERHINY B S B B R BT 7= A 88 26 8. (HDG T PREA TN D B,
JSECRUEAF I B AT B B WL, AR R A U ot T RSP SOG B R2 0, i DR SR 06 SRR 9 R
THMRSE o FEACBRSCIG BRI, B R R TRk, SRTIILE (RORS B A itk — 4R Tt

2.2. T HEEMERE D EHNA

TSR T2 BB HR IR 8, R 2 102 5 AR RIS D fH. #140, Chikode %A
(154 X 4 B P50 5 JR 3 W VRAE 27 °C R 28 IR/K I 1) DB, R JR 3R iR BE AT D
Stk — A T PR 2 A VRE IR RS BIRES , AR AR R A K . S Gomes 48 A [ 16385 4 5
T-HFAE-10CTE 25°CHITEE NIE T AR NI o-BEEALE AR, OiEE AN RREERE A G Y i
WA, WK T EARNMR RS DA G PR Jia 51781 874 BTN s
T ke 0 =R (EBERE . IESE LRI S 0 M B 8O R, WAL TR B RO EEXT D B 52
W FERE . Jia 55 ASKH 1 Zhang [18]#54, Okino 191284, Vignes 208 R T 7 =Ff —miR AV B
BUREL M =45 T 3B 43 N 2.97%- 3.89%F1 6.18%, FKPH Zhang #E7R & = Rt Al v — S0 B i
7. Rives 25 N[21 18 BT TP MR T & EK P iy Bod f2, JEsel 79 iR dite. 453
R, BT EIE AL T G W R SO R 1 A B, G BT T R B AL AR AL AR A
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SEGIREMLEL J6 T YA LI L S R Ry A & e m, RNy BRgsr, e
PRI FRD SRBOR IR B A IRIERRIE . SRR SFE S, G T 2 WIS s iy e, X
WY WO AR HEBDLILRET, JeBR RN — MOV (E R ) AT, &

TREEZ ORI IR IRTT 17« G R N EUROCRR R B — Sk, (R 3  24 J AT B DR IE S 56 7638
PIAINEZS: AP D

3. RSSO L)EA
3.1. DLS AR FEFHF =

DLS & — i s 5t i FF 7] 75 A8 20 AR W AR, 2 AR AT DIE it o' 5 1) 28 A e R s e Y Y P 9 O 7
HEAT DLS ANy, AEAE St A AR RURE B T A BIE 2 51 R B e iR LK A B G, eI i 3 A O R oy
WTZIE NS 5 PSR, 7T DUE S RAEBURL 1P 3 i 83 71547, @ik eE Stokes-Einstein J7 F2HE
T D fH[22]. 1910 4, Einstein [23]#&H T &ELEN UL, K DLS W7 Figshsie 1 &l 1955 4F,
Forrester 55 N[24] 5] N T 2 IRARB AR T DLS BA B80S inl 1, 5535 52 vy 1 0 P0G 38 R ] Sk
ITHEAE, HAH G 0 ILE A DLS WIS WRAH D EAS PSR T A0 23 b, o7 DL BB H 5 1 AH 0% 2R IOk B
FEAH D 1E -

DLS HARMA M FE ] 2 fros, ek B Lo, BotiEd RN 2 m MiEs 5, Eidsy
WS, WOCH I N SSHOCRAE S A, @R IR @ AR IR 7 A%, DA DR 0% S R AR
EVE, RSO E SR RS B But s, TERSE . FIR, REOEAE S TS B I v
I PEAR AR 7 WA 5 S EOL T IG5 . RIS S IE I NMLIFE I O B e 2F oy R asEll, ol
B 43 O T A3 ik T A O H AR A Sl B RS i 51 RS B TR S AR, e A B AR OG
SRS S AT G IR 20 B R R BEAR A, EfITHE D B .
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Figure 2. Schematic diagram of the dynamic light scattering technology device [25]
B 2. RSB RARREREE25]

DLS B — M B R h UKL B 3 12T IRUAL DN &, T0 % R I 9 bR 10 B A3 il i AL 2
W, EHTEYMRD TR EAB)BTT. DLS BOREAHRIE . TR, m RBUZARTGRRRL )
BHRERRED), OO D RN ERBOR, EH AR D EEEDY 10712 m%s £ 1077 m?Ys Hik%E
O FE R EL3% AN o [FIINF, DLS A5 kA 8 K Pt — B HES) 7 LA A2 A rh AR AT . {H DLS 4%
ARXS T2 00 BR R I3 BRRE T IR, HELLX 70207 RO AR AL 73 . RIS, HURNOGAE 5 B RS AT 2% BOG
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{55 BRI AT fE 2 T B0 1R A
3.2. DLS RAREMNE % D EHHINMA

DLS FREHAG IS (AP 75 2R f D ERARER AL, T2 TR &1, 99k
BURLE) D fE o SH[26]. BN, Ye 5 A[27]FH] DLS BoRWFFE AN D (H REL . W HOR LSS
Kz, M D EI KRR E A AR R T A ENE, B T SRS 2 IR A AL EA ) pH 45T
Xt R R AR AR FH R . Parada S5 A\ [28]8 ] DLS BoARME 7 AR IS K D EIFFE 5 ARG
FEAR 2 B bR BAT AR OCHE 4518 - Winzor 458 A [29)FH] DLS HARFME S 30 59 VAW T HAH D 1A
XA LA 1R AL BT ACEL, PR T IR N SRR RO O 25 R B — B 225, JUHAE AN T #
TR REEAT T (B R BRI 26 ), R B 7t DL % 18 B 5T FLar M 1 9 E AR, e 13X
— .

ML AL S E 7%, DLS AR A B E 50T LU KRR ORI se B8k, AN a6 f 7
AT XTHOET L, DLS BRI ETEHE T, kiR RE D, Fif, DLS BARA T EME
VIR ZE, AT Sl e AR A NI . (H S AR EORAMIEL, DLS HOR TR e d B A 206 (132 B FEA
BARKIR L, 8 %2 E TP E LR

4. TREXRAZEFCSHBAR
4.1. FCS HARBRIBF4FR
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Figure 3. Schematic diagram of the fluorescence correlation spectroscopy (FCS) device [34]

& 3. AR KERARFCS)EEREE[34]

FCS HiAR M9 fE 5 B v fE B R, B HE Gt VOLE 5B ie, s/ax B4
IR BN 18] (AR A AT A O s A, A5 2R IS B2 AL . 1972 45, Magde 58 A[30]8c 7521 T FCS
MO, T WF TR 8 i S N4 22 S N R MR B 1L D . 1993 4, SLEERORI DL
FCS BRI RBEZE] T B3R TE, Rigler 55 A[31HILERERAR Y FCS RIS &, 45 FCS HRT]
LU .70 1O A I, ABEFTIT 1 FCS SRR dn BH2 USRI KT FCS BOARBE g A I 214 />
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BRI TR BTN, SR TEE R EM RN S T YT Y, iR AR RS T Y EUT N,
NBTFAIER . B S Ao T A ELAE AR A 1R R .

FCS Hf I f2an i 3 fos, WOt RSB ERMBI, AR X 26 B 52 20RO R IR
SRS, PRI TOGIE WU G I ROT AR E R, B GRS, BRI EE
FHUREAT DR —E . Ly BURAER, KBS AR I AR, &I 5 1
Besh HAGRM G izl s, f£306E SPERER, — A WMINER SOUE ST AR . —FirikiE
TR T ORI AT, XX S R RAAR 0 A AR B, S RO 731 (1 25 L AR EE [ 32] o
T35 AR A AR B B, FREC T IR B A O 25 (5 2 [33].

FCS SRR — R RPUZ . w2 5 B S FE /D« A R PR A B8 D EABR .
FCS HARH & 6 3R A BT PR TN 873 B W T, AR BE AT AR 2R pmol/L B JJCAS: Y N [ AT 72 i
BHE BN SE R AR D EVEEAKE 107 m¥s HARZRE£1%. @il Pudot it 5 (MHz RAEE),
AR =R Y BT, S TR Figd). R, FCS BUARRMTELN A AT 2 EAl, A
BT CLN S AR IR BE AR AL, 3 W] AR E A0 T HORAN ). r FPIRIBAE ELAE A . [Rlk, FCS HAR7E
Al BEZ . MR IR SRS SR A BRI [35]. 1H FCS HAMKI T2 ehric, wRES 1R
S A B AR, SRR D AR E HSE . FCS SR T iR AR A A I, AT A
VKRN, OO D A B0 & L 22

4.2. FCS RARFENE R D EHHIRA

ITAER, FCS BORFEAME & RS 28 A VP& N, BOy 7 INERAE D EMEET . 7
41, Ghimire 55 A [36]FH FCS HIARWEFT 1 AN B far 73 1€ H AL BA HLAUKE (ONTs) 9 BAT Hy, BN
PRI 7 H B R SR B AH BLE G BOS AR B2, 38 i =R G Gk B IR EE 2 FHER B PR E
/BB S P By FHES T 0% PHA 123)7E bolaamphiphile JEH HLYUKRE 24T R, R TA
[ HL A 73 AE H AR WLAKE T 3 BUT 2 # i SRS A BAE AR, FRESC9RE 3 S8 B
R, SRy HAE 25 16 R0 G B R B Rt T OGBS o Vesga 55 N[37]FIH FCS BORE BT
TR B R AR RO B A BRI R S L, PR TR - SRR BC B R R T R E
J - FELAR 55 00 B RO DA 5 4 [ B AN [ T o V0 1 B 45 & i A2 - Barbotin 28 A\ [38]FF K 7 — Ak T
A H - 96 9 1S (Total Internal Reflection-Fluorescence Correlation Spectroscopy, TIR-FCS) il
SEJTV, 27T A E AR I RS il R DA K S R 2 AT SR 9T B R . dlId TIR-FCS K, Barbotin
SENWTE T ASEHR N J8 2 LLAE Al R 2 AT B8 A0 <0 88 6 BREA 0 D AL, 328 17 40 WA 1) T P28 0] Al B 2 O AT 2R
140 6 2 BR T ) RS B P S

AIXFF DLS oA LT By 2 0 M, FCS A AT A I 2] BAAS B DB e bric 20 7015 5,
RPN E . FR, FCS EARMMATGN, @FEE ALV EHR, FHERDEFE SR 7E Rl & . X6
TERAYFES, WX DERBIE RS AR . DS RIR R RS, RAHE. 3 FCS HEAR
R E A, RN EKES SRS, 000 TRt A EAMER, SEEO6E IS,
B ARV SRl .

5. BHHEIRT SUFIEDOSY)EAR
5.1. DOSY F AR RIBAF =

WM AR H R (Nuclear Magnetic Resonance, NMR) & — i n] DL & 16 & 0 S5 B R o0 A 80CEOR T
DOSY HAZTE NMR £z FH—FmgdnfE, =7 7 G 2MEWraHae 1. DOSY HiARE T
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O FAERRS TP RS RS EIRAS S B RN, S0 T AER S T R HOE s, T A B B TR
KA, AFAERELIRIG 5 KB, 383 Stejskal-Tanner 7 2 HT A5 5, HIRTHEAH D {H.

S 2, 202 _é
ln[S—O]——y g (A 3JD 1

Forb, S RHEINEE WA 5 M5 5 R, So R TINER BRI I 15 508, » RIEME L (M 5 7% R
WHD), g APREEIAIITRIE, o A&Th KR I RRSEI 1], AU 5 0 B R 3 ik v 2 T () ) R) (RD B, D A

H 1950 4 Hahn 52T RIRAS 5 OO, JEARRE T AERL S 3 B B0t RS 5 1 sm,
NMR FARME I D HBEE T HEAH[39]. Bl & Bkit37 8 % (Pulsed Field Gradient, PFG)F: A [, PFG-NMR
FARHE A T ERA D EMEER AR, 1992 4£, Morris 1 Johnson $& ! T # 4 #i4E % 51 A 2] PFG-
NMR AR, BN 87 % (Diffusion-Ordered NMR Spectroscopy, DOSY) [40], DOSY #& —FE W EH D
BRIy 4, AR R AR, YL D (. DOSY BA R LUK A 471 8135 544 D
IR/ NEATHES, Bk DOSY HiAR T i& & TR AW I T . {2 DOSY $ AR M i /7 7E 15 15 5 &
[ 8, Gorenstein 25 A2 T 3D-DOSY HiA, £ DOSY fi3tatiz b, BIAN—ANH LA R A8 x, 4
B 3D-DOSY [41]. M5 3D-DOSY RS K fE, K7 1) =41k B # o LLS DOSY HR% &, Hiltn:
LHHEEXSY) %R ETHIGEHSQC) [42]. 2 ETHKIEMHMQC) [43]. [ AI % AH Gk
(COSY) [44]. AAHKIE(TOCSY) [45]5 .

BEEE K372 DOSY HiARMIFEA, 4] 4 Frzn /& DOSY it i ks s B 1 e (el 9% Fe 5 AR IR B, 5 —
2 77 0 BRIt A B P AR R/ — SO B ok v, 3K A Ik R B N R 6, kRS N go REALR
BAEL T — & AT (8] DU A T-PEDIRES, IRt 23] —A> 90° IS Akt A E FH . BEAK % 2 P EDIR ST
i, 1€ xy PSS y B S— AT . 200 58 —ANER BERK I I s )5, WAk R B s BSORE T/ OB eIk
TEIX — R R AL B hd, 2B HARY BOL S, AR SRS A 180 Mkt 1E H LAJG KA R
B, WAL R ERGEE R R . IR IR B G R, RAGEN A 20, WCFRMILIRIIES
SRIE . FEIX AR, GERLER K aR AL 1 IR A DA (R0 AE T R S e PS4 D A .

180y

Figure 4. Schematic diagram of the pulse gradient spin echo sequence (PGSE) [46]
B 4. Bkt B B IEEIKF5(PGSE)REE[46]

DOSY HARREIE T2 7 /KT REAR, 707 K218 3hid i bk ofobh B P 9 EAT S Rl 9, IFAE 2>
THITREIZ 2N 5 06 o B 2 [ TR 5k R . DOSY B W] L E B2 T T AT ARG S S A, 3k
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T AR RO Z R R AR S R . R, DOSY #AERN M2, &M FKIE . B LR
DMSO. CDCL)HIE ik, 7T LU A F R A R ZK, DOSY HORMKHITEEAE 1077 m?/s~1071°
m?/s Z[A], MXFIRZENE2%. SR DOSY BRI &I Fe b il —LE A NPk, W 79 B [A]
A, SR A, SBUE S SRR RN AR TR R A 5 S BRI AN, XA
55 omE MURH E, ERNREYN, BT AR, SEURSRIE IS S N ILE S IR (47].

5.2. DOSY HARENERME D EFHINA

DOSY HARBATRMIN R PR KSR R S5, & H AT D I — N EZI%, CELL
P AP, B EESURKIER FEEMEM . W1 Smirmov FFEA[48]8FFE 1A EHAKBURIN L-2% %
FRAEAKVE W I S5 RSN PERE IR . il DOSY HARGHTIESE T, MHGKBURLAAERS, L-2%% 1R
T IIAR AR, B L-BER Y T Y R BEAC. TS e ORBRAT A, LB R0 T
TR, LB RIR T Y HUREE N . de Carvalho <5 A [49]{# ] DOSY HARX 2 A
FISRIRAE 5 R ARABLER) B-760 SRR e B e AT 2 v 1 - SR BB s I I B oy 1 AE ¥
(¥ D 2B ZWEI 7> T B AT S Z 5, NJE SAEDEVEE U BE 1) Fe (L2 A LAl . Wang 4%
A[501FI /] DOSY BRI 1 e b ) 2 WL L, I I 52 22 WERR R 1 D BRI E TRl o 22 BAIR 6 1) P
AEER IR 70 A o AHLEZ R, AR SE 31PNMR SR R GEMTHEEA 2 RBHR S 10T 185 K, [H Ik DOSY
BORINR 1 AT e A b 2 TR Eh AR A AR

DOSY #ARCA) Z N T AW T3 12251, s id b 21 R AR A sh 4T
NPT A JI TR, DOSY VAR LUEE M EIR SIK IR, 2B SRR EMmmA R, =40 7R
o E. RERSHEEGEE. RiBEERGYEREREENEMN, DOSY HAR M2 HHE /A R g%
o HRI 24 AR R HL I FH i B P S B T [ 521

6. /&5

AAE T HTHiE. DLS FR. FCS HR. DOSY H AR PUFIE T 2%, e i=mwMH D {8
MERA . SN ERNREE E AR, B4R, T RUE R T AN E AT SRR 5 .

HTF LR SER . BhAS . FRE AL 58 SO R I &, CRIERF A ETS G FERRIPI IR
FERRERE IS OUR, REMSSLBI AR 0 B BRI & . AR, 6T ekl FF = oI i i s .
(R TTER SR 6 SRR &, FR BRI P T E, HFEREAFRERE, SEELR
M TAERER K. DLS aEH T2 MliAiAk R NE, A& s Fisl. BREWERY. FFE, DLS HARA
HARANR. mREE . WEEEFRENSH . 2 DLS VEFFEN 2367 G BER K w, 75 BRI 8 rp it
APAREI, A5 U AT B 27 AR U R AR, IR R T A B R B INE I BRI, B E
BN TP B . FCS AT DAYESH M & 4 P 2047 58 A, 38 0 47 000 G Bt A2 0 4 R 1 225 A4 AR A
{H FCS BEAXS T 43 RATBOR B ¥ B 2 W (19 707, AR i BE AN v, ELI et ()i K 25 5 7= A0k
FOUg, SBNELERARAKNRE. DOSY WERKE . MEGHE), 77 LEES NS 71 By 1R
%, [FIRT DOSY BEEAN R IEASE ARt BT b AT A I, ST 70 il o PR R B0 43 M) D A I e
HREMHA . H DOSY BAR T EM B LB NG T ded AR, HARX TR E 8 BOR BN A
Y, FOR I R B A

ZE L RTIR, TEF AN (0 AR A0 5 B 7 AR R N SRR AR DU O o BEAL A R PR A b, R — A EL
Pl 3E (VB D AN & 5 1 AT BB I 858 X6 AIE, LAHSRAS MR VRAH D (8, B, 2%, T
= 24 NI R S AU (A L3R A 2 S 4

DOI: 10.12677/ijfd.2025.132011 122 TARS) S


https://doi.org/10.12677/ijfd.2025.132011

mEE %

SE

(1]

(2]

(3]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wynne, A.C., Abbott, B.S., Niazi, R., Foley, K. and Walters, K.B. (2024) Experimental and Modeling Approaches to Deter-
mine Drug Diffusion Coefficients in Artificial Mucus. Heliyon, 10, e38638.
https://doi.org/10.1016/j.heliyon.2024.e38638

Basilio, E., Addassi, M., Al-Juaied, M., Hassanizadeh, S.M. and Hoteit, H. (2024) Improved Pressure Decay Method for Meas-
uring CO2-Water Diffusion Coefficient without Convection Interference. Advances in Water Resources, 183, Article ID:
104608. https://doi.org/10.1016/j.advwatres.2023.104608

Salmi, T., Flory, T., Perez Sena, W., Erdnen, K., Schmidt, C. and Wérn4, J. (2024) Determination of Effective Liquid-Phase
Diffusion Coefficients by Tracer Method in Continuous Packed Columns. Chemical Engineering Science, 296, Article ID:
120239. https://doi.org/10.1016/j.ces.2024.120239

ok, XUHERS, PNINAE. S THOCHESRNE L- 22 BT SRS, Bt S eh 124t E, 2025, 62(5): 167-174.

Toriumi, M., Katooka, R., Yui, K., Funazukuri, T., Kong, C.Y. and Kagei, S. (2010) Measurements of Binary Diffusion
Coefficients for Metal Complexes in Organic Solvents by the Taylor Dispersion Method. Fluid Phase Equilibria, 297, 62-
66. https://doi.org/10.1016/].fluid.2010.06.003

Huang, Y., Wu, C., Chen, Y., Chou, I. and Jiang, L. (2022) Measurement of Diffusion Coefficients of Hydrogen Sulfide
in Water and Brine Using In-Situ Raman Spectroscopy. Fluid Phase Equilibria, 556, Article ID: 113381.
https://doi.org/10.1016/j.fluid.2022.113381

Silveira, A., Kardjilov, N., Markétter, H., Longo, E., Greving, L., Lasch, P., et al. (2022) Water Flow through Bone: Neutron
Tomography Reveals Differences in Water Permeability between Osteocytic and Anosteocytic Bone Material. Materials &
Design, 224, Article ID: 111275. https://doi.org/10.1016/j.matdes.2022.111275

Wang, R., Meng, W., Zhang, Y., Li, D. and Pu, X. (2022) An Improved Method for Measuring the Concentration Depend-
ence of Fick Diffusion Coefficient Based on Boltzmann Equation and Cylindrical Liquid-Core Lenses. International Commu-
nications in Heat and Mass Transfer, 138, Article ID: 106391. https://doi.org/10.1016/j.icheatmasstransfer.2022.106391

Longsworth, L.G. (1952) Diffusion Measurements, at 1°, of Aqueous Solutions of Amino Acids, Peptides and Sugars. Jour-
nal of the American Chemical Society, 74, 4155-4159. https://doi.org/10.1021/ja01136a059

Becsey, J.G., Jackson, N.R. and Bierlein, J.A. (1971) Hologram Interferometry for Isothermal Diffusion Measurements.
The Journal of Physical Chemistry, 75, 3374-3376. https://doi.org/10.1021/1100690a030

Anand, A., Chhaniwal, V.K. and Narayanamurthy, C.S. (2006) Diftusivity Studies of Transparent Liquid Solutions by Use
of Digital Holographic Interferometry. Applied Optics, 45, 904-909. https://doi.org/10.1364/a0.45.000904

Su, Y., Jia, W., Chen, J., Cao, S., He, M. and Zhang, Y. (2024) A Novel Measurement Method for Measuring the Concen-
tration-Dependent Mutual Diffusion Coefficients Based on Finite Volume Method. The Journal of Chemical Thermodynamics,
189, Article ID: 107208. https://doi.org/10.1016/].jct.2023.107208

Eder, C. and Briesen, H. (2022) Interferometric Probing of Physical and Chemical Properties of Solutions: Noncontact Inves-
tigation of Liquids. Annual Review of Chemical and Biomolecular Engineering, 13, 99-121.
https://doi.org/10.1146/annurev-chembioeng-092220-123822

Li, C., Liu, W., Peng, X., Shao, L. and Feng, S. (2019) Measurement of Mass Diffusion Coefficients of Oz in Aviation Fuel
through Digital Holographic Interferometry. Chinese Journal of Aeronautics, 32, 1184-1189.
https://doi.org/10.1016/j.cja.2019.01.012

Chikode, P.P., Sabale, S.R., Vhatkar, R.S. and Fulari, V.J. (2021) Determination of the Diffusion Coefficient of Urea Solu-
tion Using Double Exposure Digital Holographic Interferometry (DEDHI) to Study Plant Growth. Optics and Spectroscopy,
129, 303-308. https://doi.org/10.1134/s0030400x2103005x

Gomes, D.C., Geraldes, V., Fegley, D. and Rodrigues, M.A. (2021) Mutual Diffusion of Proteins in Cold Concentration Gra-
dients Measured by Holographic Interferometry. Chemical Engineering Science, 236, Article ID: 116478.
https://doi.org/10.1016/j.ces.2021.116478

Jia, W., Su, Y., Cao, S., Dong, A., Zhang, Y. and He, M. (2023) Mutual Diffusion Coefticients of Three Alkanes (N-Heptane,
N-Octane and Isooctane) in Cyclohexane from 288.15 K to 308.15 K. The Journal of Chemical Thermodynamics, 184, Article
ID: 107086. https://doi.org/10.1016/].jct.2023.107086

Zhang, H., Zhan, T., Chen, J., Li, X., Zhang, Y. and He, M. (2022) Speed of Sound Measurement and Mixing-Rule Evalu-
ation of (N-Butanol + N-Heptane) Binary Mixtures. The Journal of Chemical Thermodynamics, 172, Article ID: 106817.
https://doi.org/10.1016/j.jct.2022.106817

Okino, T. (2013) Ending of Darken Equation and Intrinsic Diffusion Concept. Journal of Modern Physics, 4, 1495-1498.
https://doi.org/10.4236/jmp.2013.411180

Vignes, A. (1966) Diffusion in Binary Solutions. Variation of Diffusion Coefficient with Composition. Industrial &
Engineering Chemistry Fundamentals, S, 189-199. https://doi.org/10.1021/i160018a007

DOI: 10.12677/ijfd.2025.132011 123 TARS) S


https://doi.org/10.12677/ijfd.2025.132011
https://doi.org/10.1016/j.heliyon.2024.e38638
https://doi.org/10.1016/j.advwatres.2023.104608
https://doi.org/10.1016/j.ces.2024.120239
https://doi.org/10.1016/j.fluid.2010.06.003
https://doi.org/10.1016/j.fluid.2022.113381
https://doi.org/10.1016/j.matdes.2022.111275
https://doi.org/10.1016/j.icheatmasstransfer.2022.106391
https://doi.org/10.1021/ja01136a059
https://doi.org/10.1021/j100690a030
https://doi.org/10.1364/ao.45.000904
https://doi.org/10.1016/j.jct.2023.107208
https://doi.org/10.1146/annurev-chembioeng-092220-123822
https://doi.org/10.1016/j.cja.2019.01.012
https://doi.org/10.1134/s0030400x2103005x
https://doi.org/10.1016/j.ces.2021.116478
https://doi.org/10.1016/j.jct.2023.107086
https://doi.org/10.1016/j.jct.2022.106817
https://doi.org/10.4236/jmp.2013.411180
https://doi.org/10.1021/i160018a007

mEE %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

Rives, R., Salavera, D., Campos, J. and Coronas, A. (2022) Development of Optical Digital Interferometry for Visualizing
and Modelling the Mass Diffusion of Ammonia in Water in an Absorption Process. Experimental Thermal and Fluid Science,
130, Article ID: 110509. https://doi.org/10.1016/j.expthermflusci.2021.110509

Feng, X., Huang, G., Qiu, J., Peng, L., Luo, K., Liu, D., et al. (2023) Dynamic Light Scattering in Flowing Dispersion. Optics
Communications, 531, Article ID: 129225. https://doi.org/10.1016/j.optcom.2022.129225

Einstein, A. (1910) Theorie der Opaleszenz von homogenen Fliissigkeiten und Fliissigkeitsgemischen in der Néhe des
kritischen Zustandes. Annalen der Physik, 338, 1275-1298. https://doi.org/10.1002/andp.19103381612

Forrester, A.T., Gudmundsen, R.A. and Johnson, P.O. (1955) Photoelectric Mixing of Incoherent Light. Physical Review,
99, 1691-1700. https://doi.org/10.1103/physrev.99.1691

Courtial, X., Valtz, A., Chabab, S., Coquelet, C. and Arpentinier, P. (2022) Isothermal P, X, Y Data for the Nitrogen + Carbon
Monoxide System at Five Temperatures from 100 to 130 K and Pressures up to 3.4 MPa. Fluid Phase Equilibria, 559, Article
ID: 113476. https://doi.org/10.1016/.fluid.2022.113476

Kankanamge, C.J., Zhan, T., Piszko, M., Klein, T. and Froba, A.P. (2023) Diffusion Coefficients in Binary Electrolyte Mix-
tures by Dynamic Light Scattering and Molecular Dynamics Simulations. Electrochimica Acta, 462, Article ID: 142637.
https://doi.org/10.1016/j.electacta.2023.142637

Ye, Y., Huo, X. and Yin, Z. (2021) Protein-Protein Interactions at High Concentrations: Effects of ArgHCL and NaCl on
the Stability, Viscosity and Aggregation Mechanisms of Protein Solution. International Journal of Pharmaceutics, 601,
Article ID: 120535. https://doi.org/10.1016/j.ijpharm.2021.120535

Parada, R., Campbell, E.B., Sandoval, D.F. and Cistola, D.P. (2023) Insulin Resistance as Monitored by Dynamic Light Scat-
tering of Whole Human Serum: An Ancillary Study of Premier. Metabolism, 142, Article ID: 155495.
https://doi.org/10.1016/j.metabol.2023.155495

Winzor, D.J., Dinu, V., Scott, D.J. and Harding, S.E. (2023) Retrospective Rationalization of Disparities between the Con-
centration Dependence of Diffusion Coefficients Obtained by Boundary Spreading and Dynamic Light Scattering. European
Biophysics Journal, 52, 333-342. https://doi.org/10.1007/s00249-023-01664-x

Magde, D., Elson, E. and Webb, W.W. (1972) Thermodynamic Fluctuations in a Reacting System—Measurement by Flu-
orescence Correlation Spectroscopy. Physical Review Letters, 29, 705-708.

https://doi.org/10.1103/physrevlett.29.705

Rigler, R., Mets, U., Widengren, J. and Kask, P. (1993) Fluorescence Correlation Spectroscopy with High Count Rate and
Low Background: Analysis of Translational Diffusion. European Biophysics Journal, 22, 169-175.
https://doi.org/10.1007/bf00185777

Jiang, Y., Xu, B., Melnykov, A., Genin, G.M. and Elson, E.L. (2020) Fluorescence Correlation Spectroscopy and Photon
Counting Histograms in Finite, Bounded Domains. Biophysical Journal, 119, 265-273.
https://doi.org/10.1016/j.bpj.2020.05.032

Wohland, T., Sim, S.R., Demoustier, M., Pandey, S., Kulkarni, R. and Aik, D. (2024) FCS Videos: Fluorescence Correlation
Spectroscopy in Space and Time. Biochimica et Biophysica Acta (BBA)—General Subjects, 1868, Article ID: 130716.
https://doi.org/10.1016/j.bbagen.2024.130716

Fif . BT VOO IE BRI 41/ PTEN £ 130 /1% ) p53-MDM2 A ELAE A B 7E[D]: [t~ ).
by FHEAZIEAR, 2018,

Smith, A.W. (2024) Recent Applications of Fluorescence Correlation Spectroscopy in Live Cells. Current Opinion in Chem-
ical Biology, 81, Article ID: 102480. https://doi.org/10.1016/j.cbpa.2024.102480

Ghimire, G., Espinoza, R., Xu, H., Nagasaka, S., Kameta, N., Masuda, M., et al. (2019) Diffusion Behavior of Differently
Charged Molecules in Self-Assembled Organic Nanotubes Studied Using Imaging Fluorescence Correlation Spectroscopy.

Langmuir, 35, 7783-7790. https://doi.org/10.1021/acs.langmuir.9b01022

Vesga, A.G., Villegas, L., Vequi-Suplicy, C.C., Sorzano, C.0O.S. and Requejo-Isidro, J. (2023) Quantitative Characteriza-
tion of Membrane-Protein Reversible Association Using Fcs. Biophysical Journal, 122, 2285-2300.
https://doi.org/10.1016/j.bpj.2023.01.026

Barbotin, A., Billaudeau, C., Sezgin, E. and Carballido-Lopez, R. (2024) Quantification of Membrane Fluidity in Bacteria
Using TIR-FCS. Biophysical Journal, 123, 2484-2495. https://doi.org/10.1016/j.bpj.2024.06.012

Hahn, E.L. (1950) Spin Echoes. Physical Review, 80, 580-594. https://doi.org/10.1103/physrev.80.580

Morris, K.F. and Johnson, C.S. (1992) Diffusion-ordered Two-Dimensional Nuclear Magnetic Resonance Spectroscopy.
Journal of the American Chemical Society, 114, 3139-3141. https://doi.org/10.1021/ja00034a071

Gozansky, E.K. and Gorenstein, D.G. (1996) DOSY-NOESY: Diffusion-Ordered NOESY . Journal of Magnetic Resonance,
Series B, 111, 94-96. https://doi.org/10.1006/jmrb.1996.0066

Williamson, R.T., Chapin, E.L., Carr, A.W., Gilbert, J.R., Graupner, P.R., Lewer, P., et al. (2000) New Diffusion-Edited

DOI: 10.12677/ijfd.2025.132011 124 TARS) S


https://doi.org/10.12677/ijfd.2025.132011
https://doi.org/10.1016/j.expthermflusci.2021.110509
https://doi.org/10.1016/j.optcom.2022.129225
https://doi.org/10.1002/andp.19103381612
https://doi.org/10.1103/physrev.99.1691
https://doi.org/10.1016/j.fluid.2022.113476
https://doi.org/10.1016/j.electacta.2023.142637
https://doi.org/10.1016/j.ijpharm.2021.120535
https://doi.org/10.1016/j.metabol.2023.155495
https://doi.org/10.1007/s00249-023-01664-x
https://doi.org/10.1103/physrevlett.29.705
https://doi.org/10.1007/bf00185777
https://doi.org/10.1016/j.bpj.2020.05.032
https://doi.org/10.1016/j.bbagen.2024.130716
https://doi.org/10.1016/j.cbpa.2024.102480
https://doi.org/10.1021/acs.langmuir.9b01022
https://doi.org/10.1016/j.bpj.2023.01.026
https://doi.org/10.1016/j.bpj.2024.06.012
https://doi.org/10.1103/physrev.80.580
https://doi.org/10.1021/ja00034a071
https://doi.org/10.1006/jmrb.1996.0066

mEE %

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

NMR Experiments to Expedite the Dereplication of Known Compounds from Natural Product Mixtures. Organic Letters,
2, 289-292. https://doi.org/10.1021/01991239r

Stchedroff, M.J., Kenwright, A.M., Morris, G.A., Nilsson, M. and Harris, R.K. (2004) 2D and 3D DOSY Methods for Studying
Mixtures of Oligomeric Dimethylsiloxanes. Physical Chemistry Chemical Physics, 6,3221-3227.
https://doi.org/10.1039/b6403960b

Wu, D., Chen, A. and Johnson Jr., C.S. (1996) Three-Dimensional Diffusion-Ordered NMR Spectroscopy: The Homonu-
clear COSY-DOSY Experiment. Journal of Magnetic Resonance, Series 4, 121, 88-91.
https://doi.org/10.1006/jmra.1996.0142

Viel, S. and Caldarelli, S. (2008) Improved 3D DOSY-TOCSY Experiment for Mixture Analysis. Chemical Communications,
44,2013-2015. https://doi.org/10.1039/b802789¢g

Gao, S., Yuan, J., Ye, F., Liu, Z., Zheng, A. and Xu, S. (2024) Applications of '?*Xe and PFG NMR Techniques on Adsorption
and Diffusion of Molecular Sieve Materials. Journal of Magnetic Resonance Open, 21, Article ID: 100180.
https://doi.org/10.1016/j.jmro.2024.100180

Evans, R. (2020) The Interpretation of Small Molecule Diffusion Coefficients: Quantitative Use of Diffusion-Ordered
NMR Spectroscopy. Progress in Nuclear Magnetic Resonance Spectroscopy, 117, 33-69.
https://doi.org/10.1016/j.pnmrs.2019.11.002

Smirnov, M., Gamov, G., Zyubin, A., Zozulya, A., Lyatun, 1., Demishkevich, E., et al. (2025) Interaction of Gold and Plati-
num Nanoparticles with L-Tyrosine in Aqueous Solution: Conformational and Dynamic Changes. Journal of Molecular Lig-
uids, 420, Article ID: 126822. https://doi.org/10.1016/j.molliq.2024.126822

de Carvalho, M.M., Ellefsen, C.F., Eltvik, A.A., Hiorth, M. and Samuelsen, A.B.C. (2025) Chemical Structure Characteri-
zation of Polysaccharides Using Diffusion Ordered NMR Spectroscopy (DOSY). Carbohydrate Polymers, 349, Article
ID: 123021. https://doi.org/10.1016/j.carbpol.2024.123021

Wang, L., Kuchendorf, C. and Willbold, S. (2019) Determination of Individual Chain Length and Chain-Length Distribution
of Polyphosphates in Microalgae by 3'P-DOSY-NMR. 4lgal Research, 43, Article ID: 101631.
https://doi.org/10.1016/j.algal.2019.101631

Cao, R., Liu, X., Liu, Y., Zhai, X., Cao, T., Wang, A., et al. (2021) Applications of Nuclear Magnetic Resonance Spectros-
copy to the Evaluation of Complex Food Constituents. Food Chemistry, 342, Article ID: 128258.
https://doi.org/10.1016/j.foodchem.2020.128258

SIS, BRg, B MRLLIRY BUT L A 5T N R[], A TR aE R, 2020, 39(9): 1050-1057.

DOI: 10.12677/ijfd.2025.132011 125 TARS) S


https://doi.org/10.12677/ijfd.2025.132011
https://doi.org/10.1021/ol991239r
https://doi.org/10.1039/b403960b
https://doi.org/10.1006/jmra.1996.0142
https://doi.org/10.1039/b802789g
https://doi.org/10.1016/j.jmro.2024.100180
https://doi.org/10.1016/j.pnmrs.2019.11.002
https://doi.org/10.1016/j.molliq.2024.126822
https://doi.org/10.1016/j.carbpol.2024.123021
https://doi.org/10.1016/j.algal.2019.101631
https://doi.org/10.1016/j.foodchem.2020.128258

	液相扩散系数测量方法研究进展
	摘  要
	关键词
	Research Progress on Measurement Methods of Liquid Diffusion Coefficient
	Abstract
	Keywords
	1. 引言
	2. 光干涉法
	2.1. 光干涉法的原理和特点
	2.2. 光干涉法在测量液相D值中的应用

	3. 动态光散射(DLS)技术
	3.1. DLS技术的原理和特点
	3.2. DLS技术在测量液相D值中的应用

	4. 荧光相关光谱(FCS)技术
	4.1. FCS技术的原理和特点
	4.2. FCS技术在测量液相D值中的应用

	5. 核磁共振扩散序谱(DOSY)技术
	5.1. DOSY技术的原理和特点
	5.2. DOSY技术在测量液相D值中的应用

	6. 小结
	参考文献

