


Supporting Information
[bookmark: _Hlk105533379]Disrupted cellulose aggregation leads to the reduced mechanical performance of wood-adhesive interphase during freeze-thaw cycles
Yizhong Caoa, b*, Chuhang Xua, b, Shuwei Xua, b, Haili Chena, b, Yutao, Yana, b, Yifan Chena, b, Qiang Wua, b*, Siqun Wangc
a. College of Chemistry and Materials Engineering, Zhejiang A&F University, Hangzhou, 311300, China
b. National Engineering and Technology Research Center of Wood-based Resources Comprehensive Utilization, Hangzhou, 311300, China
c. Center for Renewable Carbon, University of Tennessee, Knoxville, TN 37996, USA
*Corresponding author: Y. Cao (20210024@zafu.edu.cn) and Q. Wu (wuqiang@zafu.edu.cn)

This Supporting information contains two figures that describe the cooling rate of the FTCs and the sample preparation for SAXS analysis. Calculating radius of gyration (Rg) and the grain size (L) of the nanocellulose crystal, fractal dimension and distance between cellulose macromolecules (d) using the data of SAXS was also listed here.
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Fig.S1 The cooling rate of wood-adhesive bonds at different freezing temperatures.
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Fig.S2 The sample preparation procedures for SAXS analysis.


Calculating radius of gyration (Rg) and the grain size (L) of the nanocellulose crystal, fractal dimension and distance between cellulose macromolecules (d) using the data of SAXS
The relationship between the radius of gyration (Rg) and the grain size (L) of the nanocellulose crystal can be described using following equations (Zhu 2008, Ba et al. 2021):
	
	
	(1)


Where Rg can be obtained from Guinier formula (Eq.2)(Guinier et al. 1964, Glatter and Kratky 1982, Roe 2000):
	
	
	(2)


In Eq.2, the I(q) represent the SAXS intensity and the q is the value of scattering vector. M is the number of incoherent particles, n is the total number of electrons, and Ie is the scattering intensity of one electron. Rg can be calculated by obtaining the slope (α) of lnI(q)-q2 curves (Eq.3)(Zhu 2008).
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Combination of Eq.1 and Eq.3 yields the L as:
	
	
	(4)


It should be noted that the slope fitting reveals well in the range of 0<q2<0.003 Å−2, thus the same fitting range was used in this work.
The Porod law meets the formula of I(q)=aq-4+b, and a Power law with a formula of I(q)=q-α fits well in the smaller q ranges (less than 0.035 Å−1). The fractal dimension can be obtained according to following rules (Penttila et al. 2010, Penttila et al. 2013):
(1) α<3, fractal dimension D=α, mass fractal
(2) 3<α<4, fractal dimension D=6-α, surface fractal
The distance between cellulose macromolecules (d) can be obtained from Eq.5, and the qmax represents the peak location in the Kratky plot using a parabola fit on the top of the peak (Virtanen et al. 2015).
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