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W e have studied the nucleation process of a two—dimensional kinetic Ising model sub{ect 

to a bias oscillating external field．focusing on how the nucleation time depends on the 

oscillation~equency．It is found that the nucleation time shows a clear—cut minimum with 

the variation of oscillation ~equency,wherein the average size of the critical nuclei is the 

smallest．indicating that an oscillating external field with an optimal~equency can be much 

more favorable to the nucleation process than a constant field．W e have also investigated 

the effect of the initial phase of the externa1 field．which helps to illustrate the occurrence of 

such an interesting finding． 
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I．INTR0DUCT10N 

Nucleation is a fluctuation—driven process that initi— 

ares the decay of a metastable state into a more stable 

one l 1 1．Many phenomena in nature are associated with 

nucleation，such as crvstallization 『2]，glass formation 

[3，4]，and protein folding[5]．5 The Ising model is a sim— 
pie but powerful model which has been widely used to 

study the nucleation process．For instance the nucle— 

ation pathway of the Ising modelin a three—dimensional 

lattice has been studied by the transition path sampling 

approach in which analysis of the transition state en- 

semble fTSE1 indicate that the critical nuclei are rough 

and anisotropic f6i．Ising model in the geometry of a 

long stripe exhibits a rather difierent“phase behavior” 

from bulk phase transition．and it was demonstrated 

that this system exhibits properties of the 2D Ising bulk 

system as well as properties of the 1D—Ising system[7]． 
The existence of a pore may change the nucleation me— 

chanics．1eading to two—stage nucleation and the overall 

nucleation rate can arrive at a maximum level in inter— 

mediate pore size l 8 1．Ising model has also been used to 
test the applicability of the classical nucleation theory 

by Shneidman et a1．『91，and so on． 

Despite great progress，the physics of nucleation has 

been made in “quasi equilibrium”systems．Nucleation 

also takes place in systems out of equilibrium．In re— 

cent decades，nucleation in driven systems where exter— 

nal forces break the detailed balance has gained more 

and more attention，including nucleation of glasses f4]， 
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semicrystalline polymers『101，and microcellular foam— 

ing process under shear．Simulations and experiments 

reveal that shear has a significant impact on nucleation 

and nonequilibrium phase transitions l 10，1 1 1． Blaak 

e￡0f．found shear can suppress nucleation and lead to 

a larger critical nucleus l 12I．Mazzanti et a1．reported 

that crystalline orientation and phase transition accel— 

eration induced by shear are demonstrated to occur in 

different edible fats using synchrotron X．ray difiraction 

l 131．In the 2D(two—dimension)Ising system，shear can 

enhance nucleation rate and at intermediate shear rate 

the nucleate．rate peaks l 14 1． 

Oscillating field usually acts as an important type 

of driven force in nonequilibrium systems．Ising mod— 

els sub1ect to an oscillating field have been used to 

study the so—called dynamic phase transition (DPT1． 

After first observed by Tom6『15] DPT had been ex— 

tensively studied by mean field analysis『15，16l，Monte 

Carlo(MC)simulations f17-191，and other analytical 

methods l 20，2 l1_ It is found that the critica1 expo— 
nent of the DPT is consistent with the equilibrium Ising 

value．which is universal with respect to the choice of 

the stochastic dynamics『22]．Nevertheless nucleation 
process of the Ising system under oscillating field has 

not been studied yet． 

In the present work，we have investigated the nucle． 

ation of a 2D kinetic Ising model sub ect to an oscil— 

lating external field using MC simulations． W have 

mainly focused on how the nucleation time Tn．de— 

fined as the ensemble averaged escape time from the 

metastable state，depends on the oscillating~equency 

for fixed oscillation amplitude．Interestingly， shows 

a clear—cut minimum at L =c ．demonstrating that an 

oscillating field with an intermediate~equency can be 

the most favorable to the nucleation process． In ac一 
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FIG．1(a)Time series S of up spins in a nucleation process． 

runs．(c)Dependency of the average nucleation time Tn on 

Time／104MCS 

cordance with this，we have investigated the mean size 

of the critical nuclei by analysis of the transition state 

ensemble．As expected．the average size of the Critical 

nuclei is the smallest at ．In addition，the effect of 

the initial phase of the external field on Tn i8 also 

explored． 

11．M0DEL AND SIM ULAT10N DETAILS 

A ferromagnetically interacting nearest neighbor 2D 

Ising model in the presence of a time varying magnetic 

field can be represented by the Hamiltonian， 

H=一 ∑s 一 (￡)∑si 
(i,j) i 

(1) 

here，J=l is the coupling constant，8i is the spin vari— 

able at site i which can be either+l(up)or一1(down)， 

(i，．j)represents nearest—neighb。r pairs．and∑ runs 
0 

over all lattice sites．The external magnetic field 

includes two components： 

h(t)=h0+hi sin(cot+ ) 

h(t) 

hn>0 is a static field which is more favorable for up spins 

than down spins，and the second term is an oscillating 

field with amplitude hi，frequency ，and initial phase 

西． 

Initially，we set all the lattice spins down in hn al— 

ways larger than hi．By this setting，the initial state 

i8 metastable and the stable state is the one with most 

spins up． At a finite temperature，a phase transition 

will take place via a nucleation process from the initial 

state to the stable one．The configuration of the sys— 

tem is updated by Glauber standard dynamics：each 

attempt spin flip from 8i to-8i is accepted with prob— 

ability 

W(si— -8i)= exp(一 △Ei] 

1+exp(一fleXEi) 
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(b)Distribution of Nt at w=3．0 x 10-。fOr N=10 x 10 simulation 
N for w=6．0x10_。．3．0x10_。．and 0．9． 

where△Ei is the energy change of the system if the spin 

flip is accepted and启=1／kBT with kB the Boltzmann’s 
constant and T the temperature．During the simula- 

tion．each lattice site is updated sequentially．and one 

such full scan over the lattice is defined as a Monte Carlo 

step(MCS1．If not stated otherwise all simulations are 

performed on a 50×50 lattice with h0=0．17，h】=0．04 

and is randomly chosen from a uniforln distribution 

from 0 to 27r．T=2／3：re=1．54 where is the critical 
temperature of the 2D Ising system out of the external 

field．Periodie boundary condition is imposed．Nucle— 

ation time for each frequency is obtained via averaging 

over 3000 independent simulation runs． 

1l1．RESULTS 

To describe the nucleation process we chose the num— 

ber of up spins S as the order parameter． The time 

series S for a typical nucleation process is shown in 

Fig．1fa1，from which we can see that S fluctuates at 

low level in the early stage．which indicates the system 

is in the metastable state．followed by a sudden iump 

after a period of waiting time to the stable state with 

high value of S．Usually，the waiting time is randomly 

distributed as shown in Fig．1fb)for co--3．0x 10-3 for 

N一10×10 simulation runs．In Fig．1fc)，the dependen— 

cies of 7-n on N are shown respectively for w=6．0×10～b． 

3．0×10—3，and 0．9．Obviously, 
．
converges after about 

2000 runs．W e thus define the average waiting time over 

N=3000 runs as the nucleation time (the nucleation 

rate R is simply 1／ )． 
As already shown in Fig．1(c)， for an intermediate 

．
3．0×10—3．is smaller than that for a 1arger frequency 

and a smaller one．It seems tha t there exists an op— 

timal frequency for the external field which is the most 

favorable for the nucleation process．To show this．we 

plot wn as a function of co in Fig．2．where the dash—dot 

line denotes the nucleation time under the static field 

h0．Indeed，Wn exhibits a clear—cut minimum at some op— 

timal frequency co=coc．It is also shown that an external 

field with large frequency has no effect on the nucleation 
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FIG．2 Nucleation time as a function of the frequency 

． The dash—dot line represents the average waiting time in 

the static field ho． 

process．This is reasonable because in this case the pe— 

riod of the field is much smaller than Tn and the system 

already oscillates many times in the metastable region 

before iumping to the stable state．In this case，the 

system can only experience an average field ho．On the 

other hand．a slow—varying external field is not helpful 

for the nucleation process the reason of which will be 

given below along with the discussion about the initial 

phase． 

To further illustrate the existence of the optimal fre— 

quenc v．we tried to figure out the critical nucleus at 

difrerent frequency by TSE sampling．TSE consists of 

a set of conflgurations located at the top of the free 

energy barrier along the nucleation pathway,wherein 

each configuration has the same probability to reach 

the final and the initial state．In simulations．we deter— 

mine the transition state by computing the committor 

probability PB which is the probability of reaching the 

final state before returning to the initial one for 4000 

independent trials starting from this configuration．If 

a cOn丘gurati0n with PB=0．5土0．02，we take it as one 

belonging to the TSE．Analysis of the TSE containing 

2000 conflgurations gives the information of the critical 

nucleus，the mean size，n and distribution of which are 

obtained by the Hoshen—Kopelaman method f23]． 

Figure 3 shows the frequency dependence of n ， 

which also exhibits an minimum for near ．Accord— 

ing to classic nucleation theory a smaller critical nn— 

cleus size generally corresponds to a 1arger nucleation 

rate． Thus the tendency shown in Fig．3 is in agree— 

ment with Fig．2，which supports the existence of an 

optimal frequency．Accordingly．typical distributions of 

the nucleus size are shown in Fig．4 for ：1．0×10—4． 

3．0×10—3，0．9 and hn respectively． For a low as 

shown in Fig．4(a)，the distribution is relatively broad， 
indicating that a critical nucleus to some extent is 

not well—defined in this case． Near the optima1 fre— 

quency．the distribution is more sharp around a rel— 

atively smaller value，see Fig．4(b1．When is large， 
the distribution is biased to larger size．as depicted in 
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FIG．3 The mean size of critical cluster n is plotted as 

function of frequency ． 
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FIG．4 Distribution of the size of critical nucleus at difierent 

frequency．(a)w=1．0x 10～．(b)w=3．0x 10_。．(c) =O．9． 
(d)Static field h0． 

Fig．4(c)，which is very similar to the case for a static 
external field，see Fig．4(d)． 
To understand why Wn in an oscillating field with very 

low frequency is much larger than that in a static field 

h0 we have evaluated the efrect of the initial phase 

on ．Nore that if tends to zero，the system is sim— 

ply subjected to a field h =h0+hl sin ．For the simula— 
tion results above． i8 randomly chosen from a uniform 

distribution from 0 to 27r． W le now fix 西 to see how 

it would influenee Tn which is demonstrated in Fig．5． 

For very low frequencies for instance co=6．0×i0_。． 

1．0×10— and 3．0×10—4 the curve ofrn versus shows 

a sinusoidal—like shape．but being unsymmetric with re— 

spect to =7r． W ith decreasing frequency,the peak 

(right side)height of Tn increases more rapidly than 
the valley(1eft side)depth decreases．Nore that the en— 
semble average of the nucleation time for random initial 

phase equals the area below the curve．Therefore the 

asymmetric distribution of 7-n with respect to is the 
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FIG．5 The effect of initial phase 西 in a definite fre— 

quency on the average nucleation time Tn of varying initial 

phase． w=6．0x10一 ，1．0x10一 ，3．0x10一 ，3．0x10一。
， and 

0．9．Each dot is also averaged by 3000 simulations． 

very reason that 1cads to the increment of Tn with de— 

creasing shown in Fig．2．W e also notice that for a tel— 

atively large ．as also shown in Fig．5 for w=3．0×10—0 

and 0．9， iS not sensitive to the fixed initial phase ， 

but keeps an apparently smaller value for the former 

frequency which is closer to 02 than the latter one． 

1V．C0NCLUSl0N 

Nucleation of a 2D kinetic Ising model sub ject to a 

bias oscillating field has been studied． We find that 

there exists an optimal frequency of the external field 

which is the most favorable to the nucleation process． 

This is demonstrated by a clear—cut minimum of the 

nucleation time，as well as a smallest average size of the 

critical nucleus． We have also investigated the effect 

of initial phase of the external field on the nucleation 

time，which helps to illustrate why a slow varying field 

also slows down the nucleation process．Since the Ising 

model is widely used in many physica1．chemical and 

biological systems．and periodic loading is often used 

to perform system control，our study may open new 

perspectives in the study of nonequilibrium nucleation 

Process 
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2一溴丁烷在约265 nm光解离的离子速度成像 ⋯ ⋯ ⋯ ⋯ ⋯ ．．373 
周丹娜，茆锐，张立敏 ，张群 ，陈呖 (中国科学技术大学合肥微尺 
度物质科学国家实验室(筹)，化学物理系，合肥 230026) 
摘要： 用离子速度成像结合共振增强多光子电离技术研究了2一溴丁烷 

分子在264．77511264．86 nm(约265 am)的光解离动力学．从获得的离 
子速度图像确定了光解产物Br~MBr 碎片的速度分布和角度分布．其 
速度分布可以由一个窄的高斯分布拟合得到，它对应于沿着C-Br{$ 
缩模式的直接解离．2一溴丁烷在约265 nm的光解离 中 Q1+-10Q0的 

非绝 热跃 迁在Br离 子碎片 的产 生中起 到非 常重要 的作用 ，确 
定Br( P3／2)的相对量子产额为0．621．通过约265~11约234 am处2一溴 

丁烷光解的比较发现，各向异性参数和相对量子产率随着波长增加而 
下降，0Q0和 Q1态势能面交叉几率随着波长增加而降低． 

关键词：2一溴丁烷，离子速度成像，光解离 

异亮氨酸的真空紫外光电离和光离解 ．⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ．379 
谢阳，曹兰兰，张强，陈军，储根柏，赵玉杰，单晓斌，刘付轶 ， 

盛六四 (中国科学技术大学国家同步辐射实验室，核科学技术学院， 
合肥 230029) 

摘要 ：利用 同步辐射光 电离质谱结合 理论计算 ，研究了异亮氨 
酸的真空紫外光诱导电离解离．在光子能量为13 eV的质 谱中探 

测到了m／z=86、75、74、69、57、46、45、44、41、30、28、18的 
碎片离子．对于异亮氨酸的主要碎片离子为：C5H12N+(re~z=86)、 

C2HsN,rO4 (：．Vz=75)、C5H9 (m／z=69)、c4H9 《：m／z=57)和 
CH4N+确a(m／z-3O)．由光电离效率曲线得到出现势分别为：8．84 
±0．07、9．25±O．06、10．20±0．12、9．25±0．10、11．05±0．07 eV．结 

合量化理论计算(B3LYP／6-31++G(d，p))，详细给出了它们可能的生 
成路径．这些解离通道包括简单的键断裂反应和涉及中间体、过渡态 
的反应，实验值和理论计算的离子出现能或势垒一致． 

关键词：同步辐射，真空紫外，光电离质谱，异亮氨酸，解离通道 

荧光标记的聚(Ⅳ．异丙基丙烯酰胺)链在水溶液中的折叠动力学 ．389 
李春亮a，叶晓东 ，丁延伟b，刘世林a (a．中国科学技术大学合肥 

微尺度物质科学国家实验室(筹)，化学物理系，合肥 230026；b．中国 
科学技术大学合肥微尺度物质科学国家实验室(筹)，理化科学实验中 
心，合肥 2300261 

摘要：使用1．54 m的激光脉冲(脉宽约10 ns)诱导丹磺酰基标记的热 
敏性线性聚Ⅳ一异丙基丙烯酰胺(PNIPAM)发生线团到小球的转变．当 
聚合物链中NIPAM单体与丹磺酰基基团的摩尔比由110增至300时， 

共价键合到聚合物主链上的丹磺酰基发色团剥"PNIPAM相转变行为 
的影响会随之减小．PNI]PAM链塌缩经历成核过程(伴随着初始珍 
珠的形成，快弛豫时间q 。t：O．1 ms)和珍珠 的增长粗化阶段(慢弛 

豫时间丁sl。 =0．5 ms)，这与之前使用水溶性的l一苯胺一8一萘磺酸铵盐 
作为荧光探针研究[PNIPAM在水溶液中的折叠动力学得到的结果类 
似．Tfa t在很宽的分子量范围内都与分子量无关，而 l。 则随链长增 
加而略有增大． 

关键词： 荧光标记，激光光散射，相转变，刺激响应性聚合物 

SiN掺杂提高BaMgAlloO17：Eu +荧光粉光学性能的第u一性原理 
研究 ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ．．398 
王逸飞a，王义飞 ，高靖昆a，李明宪 ，贺伟 ，徐鑫 ，郝绿原a， 

陈俊 华一 fa． 中国科 学技术大 学材料科 学与工程 系 ，合肥 
230026；b．台湾淡江大学物理系，台北 25137) 
摘要 ： 使用基于密度泛函理论的CASTEP软件计算了BAM：Eu2+ 

(BaMgAlloOiT：EU +)荧光粉在SiN掺杂前后的能带、态密度、吸 
收光谱~Mullikew布居．Ew‘ 处于BR'直置光吸收更强 ；SiN掺杂 
使处于BR位置的Eu2+的数量上升，而处于mO位置的Eu2+的数量 
下降，抵消了SiN掺杂 降低Eu的态密度对光谱的影响．所 以适量 
掺杂的SiN提高了BAM：Eu2：+荧光粉的吸收发射光谱强度．Si—N键 

和Eu—N键 的Mulliken；布居 数 分 别 高于Al—o键 和'Eu-O键 ， 说 
明si—N键和Eu—N键的共价性分别强于A1一。键和Eu—o键．发光中 
心Eu2+局域结构共价性的增强降低 『BAM：Eu2+镜面层的活性，这 

是SiN掺杂提高BAM：Eu2-}荧光粉光学稳定性的主要原因． 
关键词：荧光粉，BaMgAll0O17：Ew_2上，SiN掺杂，第一I生原理 

Si(111>-~／7×、／3-In表面重构的几何与电子性质的第一性原理研究 
． ． ． ． ． ⋯ ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ⋯ ． ． ． ． ⋯ ． ． ． ， ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． ． 403 

商波，袁岚峰 ，杨金龙 (中国科学技术大学合肥微尺度物质科学国家 

DOI：10．1088／1674-0068／25／04／cabs 

实验室(筹)，合肥 230026) 
摘要：为了确~Si(111)一、／7×~／3一In表面的结构以及理解其电子性 
质，构建了六角型和矩形型的六种模型 ，并进行了第一性原理计 
算．通过模拟这些模型的扫描隧道显微镜图像，计算了功函数，并 
和实验结果进行了比较．发现hex-H3 模型~Hrect--T1模型分别为实 
验中的六角型和矩形型结构．同时还讨论了In覆盖度在1．0单层附近 

时In／Si(1n)表面结构的演化机制．认为4×1相和~／7×、／3相具有两种 
不同的演化机制，和实验结果一致． 

关键词：表面重构，Si(111)．． × -In，密度泛函理论，扫描隧道 
显微镜图像 

水合亮氨酸构型的系统寻找与研究．⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ 409 
刘莎，胡安东，林子敬 (中国科学技术大学物理系，合肥 230026) 
摘要：同时考虑亮氨酸可能的水分子络合方式及亮氨酸分子的所 

有内轴转动，对亮氨酸与1 3个水分 子的复合结构Leu一(H2O) 进 

行了系统寻找．分别用BHandHLYP／6-．3l+G $~BHandHLYP／6-． 
3l1++G 方法对结构进行了优化和单点能计算．发现亮氨酸水合 
结构与孤立亮氨酸有着很好的对应关系，且亮氨酸的水合结构可以可 

靠地通过对亮氨酸的结构直接加水得到．对中性、双电性亮氨酸水合 
结构的红外计算光谱与溶液中亮氨酸实验光谱进行了比较与分析，发 

现双电性Leu一(H20)3的红外光谱与实验符合得最好，表明溶质在气 
相中与适量的水分子络合便能较好地模拟溶质在溶液中的红外光谱． 

关键词：氨基酸，水合作用，第一性原理计算，势能面，红外光谱 

动力学伊辛模型在振荡外场中的成核．⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ．419 
李坤，江慧军，陈含爽，侯中怀 (中国科学技术大学合肥微尺度物 

质科学国家实验室(筹)，化学物理系，合肥 230026) 
摘要：研究了二维的动力学伊辛模型在一个具有偏向的振荡外场中的 
成核过程，主要关注成核时间与外场振荡周期 的关系．随着 的变 
化，成核时间出现最小值，最小的成核时间对应的平均临界核的大小 

也是最小的，这表明存在一 个最佳的振荡频率，相比较于一个确定的 
外场，它更有利于成核．同时还研究 1『外场的初始相位的影响． 

关键词：动力学伊辛模型，振荡外场，成核 

Dy~C82分子在Au(111)表面依赖于覆盖度的取向研究⋯ ⋯ ．423 
陈风云 ，胡振l苋 f中国科学技术大学合肥微尺度物质科学国家实验 
室f筹)，合肥 230026) 

摘要： 利用超高真空扫描隧道显微镜，在低温(80 K)F研究了同 
分异构体分子Dy@Cs2在Au(111)表面的吸附与分子取向．存低覆盖 
度下，Dy@Cs：2分子优先吸附于台阶边缘形成分子团簇与分 子链结 
构．这种吸附取决于分子一衬底的相互作用，并存在多种不同的分子 

取向．增大分子覆盖度后，Dy@C~2在金表面形成二维有序密排的 
单层膜结构．Dy@Cs：2分子在金表面的取 向倾向于其c2长轴与金表 
面近乎平行．具有三种取向的分子最具优势，而同种取向的分子组 
成许多局限于 一个个小区域内的取向有序结构畴．随着覆盖度的增 

加，Dy~C82分子在!Au(1l1)表面趋向于短程有序取向排列，这是由 
分子一衬底作用与分子间的偶极一偶极作用共同决定的． 
关键词：金属包合富勒烯，扫面隧道显微镜，分子取向，单分子层 

钠掺杂磷酸铁锂晶格变化和电化学性能 ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ．．429 

辛晓冬a，李红举a，常芹芹 ，王文楼a， fa．中国科学技术大学化学 
物理系，合肥 230029；b．中国科学技术大学纳米科学技术学院，苏 
州 215123) 

摘要： 利用固相法合成了钠掺杂的LiFePO~ ，结构表征显示钠离子成 

功地掺入到了晶格中．SEM显示其粒径在1—3 p．m．XRD显示钠掺杂 

样品晶胞变大．电池测试表明样品0．1 c放电150 mAh／g，5和7．5 C 
下分别放电109和107 mAh／g．1和5 C循环时，与初始放电容量相 
比，样品容量保持率分别~／84％(1000次循环后)~I186％(350次循环 
后)，表现 了优异的结构稳定性和循环性能．研究表明钠离子掺杂 
可以有效地提高磷酸铁锂的电化学活性，尤其是循环性能． 

关键词：磷酸铁锂，钠离子掺杂，结构变化，循环性能，锂离子电池 

石墨炔作为氢气提纯膜 ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ 434 
赵文辉，袁岚峰 ，杨金龙 (中国科学技术大学合肥微尺度物质科学国 

家实验室f筹)，合肥 230026) 

摘要：用分子动力学模拟方法研究了石墨炔膜对H2102、H2／N2、 
H2／CO；~HH2／CH4~合气体的选择渗透性．在0．047~4．5 GPa的压强 
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