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Abstract: DNA-microcantilevers hold significant potential in biosensing due to their nanomechanical proper-
ties, yet the assumption regarding uniform curvature and axial strain of the neutral axis remains unverified. To
address this, a functional potential energy model coupling the free energy of liquid crystalline DNA molecular
layers with the composite beam deformation, was established. An innovative triangular series modal superposi-
tion approach was used to characterize displacement fields, and enable the variational solution via the Rayleigh-
Ritz method, and a segmented integration strategy was employed to realize the full-domain free energy compu-

tation. Then the nonlinear equations governing Ritz coefficients were solved through the fixed-point iteration to
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yield microcantilever deformations and DNA strand spacing distributions. The results indicate that, the de-
formed curvature exhibits pronounced uniformity, providing theoretical support for the uniformity assumption.
Convergence analysis demonstrates that, the triangular series expansion order =10 and the number of beam
segments divided =2 500 ensure solution accuracy for deflection and stress, effectively validating the correct-

ness of the uniformity assumption within the coupled model.
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Fig. 1 Bending responses of the microcantilever induced by DNA biochemical reactions
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Fig. 2 The DNA-microcantilever schematic
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= | O | | ouesbdzd =
1 ! 2 dzw : duNcu : dzw duNeu
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BURTHRAR RIME , S Bk B RGN0 00 n B, BB B AL, A EE R m, 56 j BEN Y DNA [H]EE  Au J2
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iy, 255 AT RREA

duNeu dzw
d=(1+ep,)d, =1+ d +(hAu+HAu)g dy, (13)

x 2



5505 1 X7, % . DNA-RLUESE B2 Rayleigh-Ritz 3K f# 581

Herb &5, 4 DNA 2352 B9RH R NS R Au J= 200 BN, i i% 58] A1, DNA BERYTRIEE o BR TR

AN duy,, N N , . .
ep= [dj AR At e A g 1 AR 5 AR, BT RYmA1E « I PREL.

dx®
H1 T Cr JZ R, T LA Z0ms FEWI K R A2 g I RS R GE e
=i, +11 + I, . (14)
1.3 Rayleigh-Ritz ;5K ##
XF 2 (14) BEATAEAT B8 53 SR Ak AR i PRI | ORISR A 512 , T e i SR A A8 T 5 il J2 G 3 28 A7k
dw d*w

wl, _, =0, N FO:O’@F,:O’ (15)
_o, |y (16)
UNeu lx=0 = Y, A . = U
PE It , B B8 B AN P Rl Ak 7 B 2k Xk U BRI
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(8973 Ai i 0 BT TR BERE o FNTPERIAL A3l ) 278wy, RTRTE m AU, EHRRE wom = 3 5 m =
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TR ZE 0 Ah, HART o B 5 = e BRI 3 (BRI AR (/N PSR (o = 1.121x10°° N/mm) ;
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Fig. 3 Effects of series’ order m on the distributions along the x-axis of deflection w,
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Fig. 4 Effects of the number of divided beam segments, n, on the distributions along the x-axis of deflection w,

neutral axis displacement uy,, and surface stress o

MIEL3(d) AL BEEE w T « DL 2 R A v R 5k 4.86 nm HPERIAL A FS wy,, WY
& x WANERTIN, A AN 3.3x107° nm /N TR B 255 (34) FIR TN o B hZn] i, =
d*w/dn® WA « BIORTREE . A DNA-GIGEAE G242 0 f0h T A ol S RO 52 20 25 A T Bk 1 X — 45188
SCHRTPOCT o Bl ) A5 it AR BRI 5 DNA A [ R R i he i 1A B 4.
fEm =100, n =5 000, AU Z KR IF AL BN T, 181 5(a) 5(b) /R T DNA B HTRAVECE N, X T #2
AR T A2, -5 SR 20 ) ROZESIEAT 108 LE, DI 58 B RLAR AT, 2 T80 10 3 (1 BB A A% 1 R ik Fy 1
A B 25 JE R AE T i SCHRIE i — B Taylor ZO8URIT AL AL AE Y Al RE , R RETE 70 Sk 107 B 4%
JEAEXH AR i RERIRZ ML LS, B SRR B R RO A3, T Pe i S AR 4 & ETHE .
(@) (b)

—e—present P —e—present .
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Fig. 5 Deflections and surface stresses vs. the number of nucleotides

FERATIRE R N, = 10 nt, HABSECR B SRME T B 6 J&/R TR B n X3RN ) 52, T 5 Sta-
chowiak ) ) SEICHHE HEAT 10T HL , 25 5 SR W W 45 B S R e A I R TE 3R Y DNA IR 25 13 5 R T 7 )
SEHEBOCHK.

ZAE W) 338 H AU 60% ~80% 2 | FE G ACHE ' ARTFIAEESE n, PRI 0k 3k B 0
TR FE T DNA-TCEE 200 T HRALERL, AT HER 8 B A S B ' RS IRVAE MR FE A 0.1 mol/L 1Y %%
AR AT B @y = 4.1 x 107 J/m b, = 1.1 x 107 J/m,¢, = 0.8,A, = 0.976 nm,A,, = 0.288 nm" """ ;
AACEEM SRR B = 180 GPa'" " | HASH S 3Gk [ 20] —BLIE 7 /R TANRIFE B T, e b 5 4%
HRRECE AR, 75 Wu 25 7E = 0.06 chains/nm® | N, =20 nt, 30 nt B ({3256 KR 3E 7% . B Al
DL, B8 o el 2 B S BURR, 15 5 T B A AR S AR B A A, B2 ARSI R R, W 55 Y
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