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Empowered by Qualification Certification: Standardized Reform and
Practice in Modern Instrumental Analysis Laboratory Teaching

Yafei Yang, Yan Xia *
Central Laboratory (Nankai University), College of Chemistry, Nankai University, Tianjin 300071, China.

Abstract: Modern Instrumental Analysis Experiment is a core course designed for graduate students in chemistry
and related fields to cultivate scientific thinking and advanced experimental skills. The quality of its instruction directly
affects the reliability of students’ research data and the development of their professional competence. To address
current teaching issues such as inadequate normative awareness, lack of data traceability, and insufficient
standardization in practice, this paper proposes a reform approach that fully integrates the philosophy of qualification
certification into teaching practice, based on the experience of the Certified Laboratories at Nankai University. To
address this, we introduced a reform package featuring several interconnected measures: the compilation of
standardized teaching materials, the comprehensive integration of the six essential certification elements (personnel,
equipment, materials, methods, environment, and measurement), the establishment of a three-level traceability
mechanism covering all experimental phases, and a tripartite evaluation system centered on norm awareness,
operational skill, and data quality. These initiatives collectively enhance students’ standard awareness and compliance
literacy, presenting a replicable model for advancing standardization in chemical experiment instruction.

Key Words: Qualification certification; Modern instrumental analysis experiment; Teaching reform;
Standards and specifications; Data traceability
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Reflections on the Cultivation of Emerging Engineering Talents on
the Science Background: An Example on Exploring New Energy
Science and Engineering Discipline at Nankai University

Zhanliang Tao, Fangyi Cheng, Jun Chen”
College of Chemistry, Nankai University, Tianjin 300071, P. R. China.

Abstract: At present, a new round of scientific and technological revolution and industrial transformation is
accelerating, which has put forward higher requirements for the discipline of new energy science and engineering with
typical interdisciplinary characteristics. On the background of emerging engineering education, the “new energy
science and engineering” discipline is building at Nankai University to cater for the development of renewable energy
and to explore the strategies of talent cultivation. The models for talent training, settings of new curriculum system,
and forms of teaching practice are presented. The goal is to promote the extension of applied science towards
engineering and to foster the cultivation of talents in the new energy field with broad interdisciplinary science-
technology horizon and strong practical ability.

Key Words: Emerging engineering education; New energy science and engineering; Interdisciplinarity;
Innovative talent
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附件1



2022年南开大学“师生四同”课题立项

实施方案



为进一步深化实施“师生四同”育人模式，推动实践育人工作高质量内涵式发展，提升“师生四同”项目的实际贡献度，今年将在启动“师生同行”社会实践立项工作的同时，启动2022年南开大学“师生四同”课题立项，鼓励广大师生知行合一，以专业知识指导实践，在实践中补充完善知识体系。现将课题立项相关要求通知如下。

一、申报方式

课题申报人须为南开大学教师或全日制在校生。鼓励教师将科研课题、调研项目等纳入“师生四同”立项课题，带领学生通过“同学、同研、同讲、同行”深化专业所学，将知识转化为服务国家社会的实际贡献。同时也鼓励学生在教师指导下进行课题立项，开展专业研究。其中，以学生作为课题组负责人的立项课题必须有指导教师。

各课题组负责人需要登录南开大学社会实践管理平台http://shsj.nankai.edu.cn的“课题申报”板块进行立项课题申报。

二、课题立项与结项安排

课题可于全年任意时间进行立项，课题最长研究周期为2年（以立项日期为起始点）。课题在系统中申报完成并经学院审核批准后即为立项成功。每年9月份将集中进行结项课题评审和经费划拨，每年9月结项的课题（具体时间见当年通知）将参与当年的结项评审，结项课题经费支持方案将根据当年课题申报数量和结项质量确定，优质课题结项成果将获得2000-10000元的经费奖励。

若计划参与2022年结项评审，申报课题须在2022年8月31日前结项。

三、课题内容要求及成果形式

1.课题选题应坚持正确的政治方向和学术导向。

2.题目设计应具有现实需求性和实践性，要求有至少包含专题调研、专业性实践操作、校外走访等任一形式的实践环节。

3.各课题组可根据实际情况确定结项时间。每年9月将对已结项项目的成果进行收集，9月后结项的项目成果可参加下一年度研究成果评审。

4.课题主要按照成果导向进行分类，主要分为学术论文、发明专利、研究报告、著作等四类。其中，学术论文类包含依托课题完成的自然科学类学术论文和哲学社会科学类学术论文，应聚焦国家战略和经济社会发展需要的相关领域；发明专利类主要指依托课题申请或取得由国家知识产权局授予的专利证书，发明专利应具有一定的应用价值和转化前景；研究报告类含调研报告、咨询报告等，与社会热点、焦点和难点问题结合，调研论证充分有据，能提出具有参考价值的决策咨询意见和建议；著作类含专著、编著、译著、工具书、古籍整理作品等，须具有原创性、开拓性，在理论上有所建树，在学术上有所创新，符合学术道德和学术规范，观点鲜明、论据充分，资料翔实、数据准确，逻辑严密、方法科学，能带来一定的社会影响。

5.为协助推进学校定点帮扶工作深入开展，在选题内容中专设“乡村振兴和农业农村现代化专项研究”专项，该专项立项指南和课题指南详见附件。

四、工作要求

（一）认真组织实施。各学院要积极组织课题申报，瞄准国家社会所需深入挖掘优质项目，要充分组织动员本单位师生，特别是动员专业教师直接参与立项或指导学生立项，本课题立项将为“校长杯”创新创业大赛、国家级大学生创新创业训练计划、天津市大学生创新训练计划和本科生创新科研“百项工程”项目、天津市研究生科研创新立项等培育成果。

（二）精心培育指导。各学院要对立项课题进行跟踪培育，鼓励已立项课题组同时报名参与本年度“师生同行”社会实践，在实践中深化课题研究。要对项目实施全程跟踪指导，及时梳理总结课题成果。

（三）做好宣传报道。各学院要充分利用校内外平台对项目建设进展和阶段性成果等内容及时宣传推广，发挥优质课题成果的引领示范作用，营造浓郁的以课题立项为导向的实践育人氛围。



附件1-1：2022年南开大学“师生四同”专业课题立项——

南开大学“乡村振兴和农业农村现代化专项研究”

课题立项指南
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2022年南开大学“师生四同”专业课题立项

——南开大学“乡村振兴和农业农村现代化

专项研究”课题立项指南



为深入贯彻习近平新时代中国特色社会主义思想，学习贯彻习近平总书记视察南开大学重要讲话精神，推动落实学校第十次党代会精神，高质量推进定点帮扶工作深入开展，现组织2022年南开大学“师生四同”专业课题立项——南开大学“乡村振兴和农业农村现代化专项研究”课题立项申报工作。

课题研究要突出战略性、前瞻性和创新性，紧紧围绕落实中央单位定点帮扶工作任务，全面推进乡村振兴和加快农业农村现代化开展，强化实地调查、案例研究，强化学术支撑、转化落地，形成较高理论性、应用性、政策参考性的研究成果。

申请人范围为南开大学师生。申请者应遵守中华人民共和国宪法和法律；师风师德考核合格，且无学术不端行为；具有独立开展研究和组织开展研究的能力，能够承担实质性研究工作。课题设重大课题、重点课题、立项课题，依据成果类型与质量予以不同额度的经费资助。课题经费应按照相关财务制度规定管理和使用。申报者可参考指南设计题目，也可围绕研究专项主题，根据实际自拟题目。

课题应于2022年10月前结项。结项时需形成高水平论文、研究报告、影音作品、专利著作权、落地项目等成果。



选题指南：

（一）对口帮扶庄浪县定向研究选题

1.党建激发农村党员活力的实施路径和有效措施

2.庄浪县历史文化资源挖掘和文旅产业发展研究

3.乡村振兴主题微电影拍摄

4.庄浪县本地特色农产品品牌提升和营销方案

5.农村留守儿童和预防青少年犯罪社工服务实践和工作体系探索

6.探索新型农村集体经济和农民专业合作社的发展困境和解决方案

（二）非定向选题

1.脱贫攻坚与乡村振兴有效衔接路径研究

2.西部脱贫地区帮扶产业升级问题研究

3.西部脱贫地区人才帮扶机制研究

4.西部脱贫地区文化振兴创新路径研究

5.西部脱贫地区乡村生态振兴适用技术研究

6.西部脱贫地区乡村治理问题研究

7.国家乡村振兴重点帮扶县特色农产品设计营销问题研究

8.国家乡村振兴重点帮扶县特色旅游发展研究

9.人口外流背景下农村精神文明建设有效平台载体问题研究

10.高校科技成果帮扶脱贫地区模式研究

11.乡村振兴融入高校立德树人机制研究

[bookmark: _GoBack]12.乡村振兴战略与高校课程思政融合发展研究
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附件2



“喜迎二十大、永远跟党走、奋进新征程”

“师生同行”社会实践活动实施方案



为深入学习贯彻习近平新时代中国特色社会主义思想，全面贯彻党的十九大和十九届历次全会精神，学习贯彻习近平总书记关于青年工作的重要思想，深入落实习近平总书记在中国人民大学考察时的重要讲话精神、习近平总书记在庆祝中国共产主义青年团成立100周年大会上的重要讲话精神、习近平总书记来校视察重要讲话精神，引导南开学子用脚步丈量祖国大地、用眼睛发现中国精神、用耳朵倾听人民呼声、用内心感应时代脉搏，为实现第二个百年奋斗目标、实现中华民族伟大复兴的中国梦凝聚起强大青春力量，迎接党的二十大胜利召开，学校决定面向全体师生开展“喜迎二十大、永远跟党走、奋进新征程”“师生同行”社会实践活动，并将此活动作为我校德智体美劳“五育融合”的重要载体，活动具体方案如下。

一、活动时间

2022年全年，可根据项目情况全年自选时间开展实践。其中2022年暑期为集中实践期，2022年8月31日前结项的实践项目可参加2022年各级实践评优，2022年9月及以后结项的实践项目将参加2023年各级实践评优。

二、主要内容

（一）“坚定中国信仰”红色文化育人专项实践

一是以“青春心向党 建功新时代”为主题，聚焦迎接党的二十大，前往习近平总书记深刻论述的伟大精神谱系的发源地和党史上重要事件发生地等，学史明理、学史增信、学史崇德、学史力行，挖掘红色精神的历史意义和当代内涵，自觉传承红色基因，广泛开展特色鲜明的主题实践活动。二是运用中国青年报社主平台展示的青运史精品路线，组织实践队员上一堂青运史学习主题团课，开展一次青运史讲解，重走一次青运史路线，在主平台上广泛开展打卡、点赞、交流、点亮徽章等活动。三是以理论学习为主线，强调在红色主题实践中“读、学、研、讲”，通过重走红色足迹、研读红色经典、讲述红色故事等方式实现红色文化育人。

（二）“牢树中国自信”国情民情调研专项实践

一是以“我看党的十八大以来新变化”为主题，以党的十八大以来，我国的疫情防控重大战略成果、脱贫攻坚历史性成果、全面建成小康社会决定性成就等为现实教材，鼓励实践队走进改革开放前沿阵地、乡村振兴基层等地参观走访，深入感受社会事业蓬勃发展、民生福祉全面改善、各行各业发展变化，结合学科专业方向开展国情民情考察调研实践活动，以“企航计划”等为载体进行重点地区、行业、企业调研参访等。二是围绕“南开声音传递中国自信”这一主题，将青年理论宣讲、普法宣讲、科普宣讲、话剧展演等带到工厂、企业、学校、村镇、社区等基层单位，用“青言青语”宣讲展演等有特色、接地气的方式，以党领导人民共同奋斗取得的伟大成就，增强人民群众的“中国自信”。三是以文化传承创新为主旨，鼓励师生不断从中华优秀传统文化中汲取营养，同时积极推动文化产业创新发展，在实践中实现中华传统文化的传承与创新。

（三）“扎根中国大地”服务国家发展专项实践

一是组织全校师生立足学科优势与专业特点，瞄准“双碳”目标、乡村振兴战略、创新驱动发展战略、可持续发展战略等国家重大发展战略和国计民生所需，确立实践主题，精心设计实践过程，推动实践成果落地。二是开展“新时代·实践行”天津专项社会实践，要求团队固定在一个天津市的实践基地开展常态化实践活动不少于10次，围绕习近平新时代中国特色社会主义思想基层宣讲、助力乡村振兴战略、京津冀协同战略、生态文明建设战略、法治思想实践等五个方面内容在相关单位组织开展实践活动。三是鼓励学生扎根基层社会，集中开展“扬帆计划”“立公计划”等挂职锻炼和政务实践项目，组织学生以挂职锻炼的方式，扎根基层承担岗位职责，实现青春建功立业。

（四）“讲好中国故事”树立大国形象专项实践

一是围绕“人类命运共同体”、“一带一路”建设、全球疫情防控合作等内容，通过专题调研、国际交流等形式，引导学生正确认识世界和中国发展大势，正确认识中国特色和国际比较，感知“中国力量”；二是持续推动开展“我眼中的中国与世界”留学生专项实践计划，支持鼓励外国留学生、港澳台学生积极参与社会实践活动，在实践中感知中国发展成就，在讲好中国发展故事的过程中，增强对中国的认同感。

三、工作流程

（一）实践申报阶段（5月25日前）

1.各单位围绕上述专题动员师生组建“师生同行”实践团队，尤其鼓励开展基于“师生四同”立项课题的实践项目，各实践团队均须有指导教师。

2.立项申报面向我校全体在读学生，分为本科生和研究生两个组别进行立项和结项评审，以全部队员中的最高学历者作为团队分组的依据，鼓励学生跨学科、跨专业、跨年级自由组队，团队成员均须为南开大学在读学生。

3.实践须以团队为单位进行报名（个人挂职锻炼项目除外），原则上每个团队规模为5至10人。各实践团队学生负责人需要登录南开大学社会实践管理平台http://shsj.nankai.edu.cn/（以下简称“平台”）发布相关活动信息，管理员审核通过后，可借助平台招募队员或导入队员信息，团队负责人确认队员信息后，提交至各单位审核员进行审核。

4.实践过程中新建社会实践基地或南开书屋的实践队，需在平台进行申报。此外，鼓励各单位组织实践队赴已建成的实践基地继续开展实践活动，充分发挥实践基地对社会实践的支撑作用。

（二）分团委审核阶段（5月31日前）

1.以分团委为主体，组织二级单位实践团队立项评审，二级单位评审立项数建议不多于申请立项项目总数的80%。学生签字后的社会实践安全承诺书（附件2-1）由实践团队指导单位自行留存。

2.5月31日前，分团委审核员在平台上对立项团队有关材料（含新建实践基地、南开书屋申报材料）完成审核，同时完成对本院立项团队的等级评审，评审内容包括确定院级示范团队、院级重点团队，同时确定推荐参评校级示范团队、校级重点团队的范围。校院两级示范团队、重点团队的认定和推荐名额、评定方式等将根据今年整体报名情况确定后另行通知。

3.获得推荐资格的队伍皆为校级实践团队，各分团委在确定推荐团队后，在平台导出本单位推荐的实践项目汇总表并填写备注信息（附件2-2），加盖分团委公章后提交电子表及盖章扫描版文件。其他团队学院可在系统中标注院级队伍分类（学院示范队/学院重点队）。

4.如学生前往实践地需要介绍信，可参考社会实践专用介绍信模板（附件2-3）由各分团委开具并盖章。后期评优等工作以平台信息为准，不得使用纸质版替换修改；分团委应对学生提交的材料进行细致审核，对实践时长申请进行严格测算。原则上单个实践项目时长不超过两周，每半天时长不超过四小时。

（三）学校终评阶段（6月中上旬）

学校团委将联合各有关部门组成校级评审组，经评审确定2022年“师生四同”社会实践校级示范团队和校级重点团队，并形成立项经费划拨方案。

（四）活动准备与开展阶段（根据各队申报时间按时开展）

活动开始前，学校将组织开展社会实践相关培训并发放相应实践物资，各实践团队派出单位也应结合实际对实践团队开展行前培训。各实践团队须按计划进行实践，实践结束后通过平台上传实践反馈材料，各单位需在开学两周内依据《南开大学本科学生“公能”学分认定实施办法》为参与本次社会实践的学生进行相关认定。此外，新建南开书屋的实践队需填写反馈，新建社会实践基地的实践队需填写反馈并上传南开大学社会实践基地共建协议（附件2-4）；维护已建成南开书屋或运维已建成实践基地的实践队需填写维护日志或运维日志。

（五）结项考评阶段（9月至10月）

2022年结项考评阶段将对8月31日前已完成的实践项目进行评审，确定2022年南开大学“师生同行”社会实践优秀集体和个人，并根据评审结果确定2022年社会实践奖励经费划拨方案。8月31日后结项的团队和个人可参加2023年“师生同行”社会实践评优。

四、工作要求

1.高度重视，精心组织发动。各单位要站在构建“三全育人”大思政工作格局的高度对此项工作进行推动落实。要组织动员更多师生，特别是教学科研工作成果突出的专业教师，参与到“师生同行”社会实践中来，使师生共同受教育、长才干、作贡献，最大限度发挥社会实践工作的育人功能，提升社会实践的大局贡献度。

2.规范管理，守住风险底线。各单位要切实担负起主体责任，始终把师生身体健康和生命安全放在第一位，依法依纪依规组织各项实践活动。加强过程管理，选派优秀教师指导实践，及时掌握、动态跟踪学生参与社会实践活动情况，及时解决学生在社会实践中遇到的问题，坚守意识形态和人身财产安全底线。密切关注实践地疫情形势、天气变化和自然地质条件等，做好应对突发情况的应急预案准备。

3.拓展渠道，扩大影响覆盖。各单位要注重做好实践的全过程宣传，强化实践环节的思想引领效果。要及时挖掘和梳理报道实践过程中涌现出的好人好事、实践形成的优秀成果及社会各界对我校实践项目的积极评价等，将实践中的好做法凝炼形成先进经验进行推广，以更好发挥先进典型的引领示范作用。



联系人：张思一

联系电话：15122704145

电子邮箱：tw@nankai.edu.cn



附件：2-1.南开大学2022年社会实践安全承诺书

2-2.南开大学2022年“师生同行”社会实践校级

团队汇总表

2-3.南开大学2022年“师生同行”社会实践专用

介绍信（模板）

2-4.南开大学社会实践基地共建协议（模板）


附件2-1



南开大学2022年社会实践安全承诺书



本人________（学号_______），系南开大学___________学院______________专业_______级_______（本科/研究生）学生，计划于2022年_______月在______________（具体到区县一级，例：河北省邢台市桥东区），开展为期 _______天的社会实践活动。

本人承诺：在实践前，本人已对实践地进行充分的调研，实践地不属于全国新冠肺炎疫情中高风险地区，基本具备实践出行条件。实践全程将严格遵守国家法律法规和有关防疫规定，坚决服从统一安排，不擅自脱离团队、独自外出行动，注重人身安全和财产安全的自我保护，尽量减少聚集性活动。实践活动准备及开展期间，若实践地出现安全风险，则遵循安全优先原则，根据国家及地方相关防控安排和学校相关要求调整或终止实践行程。如因违反相关规定造成任何安全问题，本人愿承担一切后果。



承诺人：__________

日  期：__________

2

附件2-2



南开大学2022年暑期社会实践校级团队汇总表



单位名称：（加盖公章）

		序号

		指导单位

		实践项目名称

		所属专项

		立项

组别

		负责人

姓名

		负责人联系方式

		实践队

学生人数

		实践地

		指导

教师

		指导教师

职称

		是否依托“师生四同”课题

		备注



		

		

		

		

		

		

		

		

		

		

		

		

		如为先进或特色党团支部、党团共建支部、教师带头人、“良师益友”教师等先进教师代表、或学生社团、学生组织团支部、宣讲团等特色群体可做标注









附件2-3



南开大学2022年暑期社会实践专用介绍信

（各院参考范本）



________：

兹有我校______等___名同学，拟于___月___日至___月___日到贵单位开展社会实践活动，望能够给予支持协助。详细实践内容将由实践队员和贵单位进行协商确定。

此致

敬礼



共青团南开大学______学院委员会

2022年___月




附件2-4



共青团南开大学委员会与XXX

共建学生社会实践基地合作协议书

（以校团委为例 样本）



甲方：共青团南开大学委员会

乙方：____________________

为深入贯彻落实习近平新时代中国特色社会主义思想，全面落实党中央、国务院《关于加强和改进新形势下高校思想政治工作的意见》和《中长期青年发展规划（2016-2025年）》等文件的有关要求，依托机关、部队、企事业单位、社会组织、经济组织、社区（村）等搭建联合育人新平台，甲乙双方秉持“联合共建、常态运行、注重实效、协同育人”的原则共建XX省/市/区“南开大学XXXX社会实践基地”。

为保障基地合理、稳定、有序运行，深入推动基地社会实践活动朝着机制化、常态化、长效化方向发展，不断增强实践育人实效；经双方友好协商，由甲方草拟，乙方同意，双方达成协议如下：

一、甲方权利义务

（一）甲方在乙方建立学生社会实践基地，每年寒暑假等开展社会实践时将乙方列为社会实践重点推荐地点之一，经学生自行组队后，组织社会实践队伍前往实践基地开展社会实践活动。

（二）甲方师生在基地开展实践期间，需遵守乙方各项规章制度，严格遵守保密纪律，不得泄露乙方涉密信息。

（三）实践队在基地开展实践过程中，甲方师生应在能力范围内配合乙方相关要求。

（四）甲方安排专人，定期与乙方保持沟通联络。

二、乙方权利义务

（一）协议生效期间，乙方需为经批准的机关、部队、村（社区），合法经营、依法纳税并处于正常生产经营状态的企事业单位、经济组织，经登记管理机关同意登记设立、处于正常运营状态的社会组织等。

（二）乙方具有积极开展社会实践活动的意愿，每年接收一定数量的甲方学生开展社会实践活动。

（三）乙方需具备开展社会实践活动所需的场所、设施设备等条件，够满足学生开展项目化社会实践活动的需要。

（四）乙方应建立保障安全的组织管理机制和保护措施，有应对突发事件的应急预案，切实保障学生在社会实践活动中的劳动、人身、财物等方面的安全。

（五）甲方实践队伍组建后，乙方给予必要的指导，并在实践开展过程中力所能及地提供交通、食宿、向导等方面的协助，满足甲方开展实践的相关需求。

（六）乙方有专人负责社会实践基地的规划建设、日常管理、活动指导、信息联络等工作。

三、授牌成立与管理运行

（一）协议生效后，由甲方在乙方挂牌“南开大学学生社会实践基地”。基地标识牌按统一规格制作，落款为南开大学团委，将采取集中发放、与共建单位共同揭牌等形式灵活授予。

（二）社会实践基地实行退出制，出现下列情况将责令整改直至取消资格。

1.日常管理不善、运营效果较差；

2.无合理理由拒不接受学生开展社会实践活动；

3.存在重大安全隐患等情况；

4.发生安全事故；

5.南开大学团委认为应取消资格的其他情况。

（三）社会实践基地在协议期内因自身原因或不可抗力因素，不再具备设立条件的，由单位提出书面申请，经南开大学团委同意后，可中止相关工作。

（四）社会实践基地由南开大学团委与xxx（共建单位）共同建设和管理，建立定期沟通机制和协同工作机制，共同掌握基地建设情况，共同开展社会实践工作，共同解决基地建设管理和社会实践中出现的各类问题。

五、其他

（一）本协议一式两份，双方各执一份，均具有同等法律效力。

（二）本协议自签字、盖章之日起生效，协议期为两年，期满后双方根据实际情况另行协商是否续签或取消。

（三）本协议未尽事宜及在活动开展期间产生的其他事项，由双方补充协议或协商解决。
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甲方：南开大学团委             乙方：

（盖章）                      （盖章）

负责人：                            负责人：

联系电话：                          联系电话：

年  月  日                            年  月  日
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附件2： “喜迎二十大、永远跟党走、奋进新征程”“师生同行”社会实践活动实施方案.docx


2.

Eﬁ/ j(%%ﬁ/

|}

Ak

s
i

HHFE (2024) 4 &

F PR ARFSE AR 3R 0 R PRSI (A T)

_46-



_47-



_48-



_49-



-50-



-51-



_52-



-53-



~54-



-55-



245 WABR (RS TF424)
TEHEBUREASEAERTRENER (20 £4
Bib, EARHK R,
(ARAELAALEF R XIS EHELLER
B, $4412%%4, HERAAHE, EREHR G HE
K.

-56-



25V RBR (2T 14%9)
FEABRMRBEBALEFEFMRENFES (T EA
i, EAKERE.
(FREFAAEEFARXEFER) FATLLBR
B, FANI12F8, aFRHE, EXFREASGFoHEEN.,
3.5 iR

-57-



-58-



-59-



— R4 I R AR X RE,

(4) (FAEFMR) , LBERE (FeELHHHLH
RE) , TiHFEL.

2.5 b5 iR

(FREAEFRBXEEER) (FLHE) (TELE) #
AEVLBRE, F4H12%y, AEFEMHE, ERFH

-60-



_61-



~62-



-63-



MK (2024 B ) #AT,
FNE M W
FPotAE ARRERFRFRECERNaHARERAR
W,
FotAFx EX.RETAERREERLZIGIRBRFAR
R ETUE R X RBERAT.
F=t+&F AENE 2024 ZHREFIERAT

MITARFHRLER
2024 £ 5 A 15 H

—64-



AT RRFAFAB AR A& o0 52 52 i 40 U oy 28
B FE T BAL:

RE (BT AFMLAREFHELLHAED), FEIEFEM
TG AW TG EH N A RIS R FEAF M LA £ L
Zn, HFALER IRA R TR TATIA:

LA R £ ERZEEF AT RS Z RS BEMAT LM N
R £ K 2020 BIF 46 HAT, R RFAREIL, HH R B E AN FE
BAPAT R F R o W3 BALAE AR A0 U 2 o A e sk 1B 0L, &
FrEsFite s Za@d G, $AREMEKERL, REFAPEE. K
REBENERE, SBFFWEAY, HFEAERERNEZ.

FHERERE, ZHHA, BEREMNER AXXFEEXFH
XXFRFAFARLEHAEREFAFTRERTUTR) EBFRAER
HTERT e FE, FERA “—RKTE8B” R “ZRKTEHB7,

A o5 B AT B8 BT 0 R AR SR B 1 R, S R K SCHR AT

BT B 7x 70

2021 % 12 A

-65-



By (2024) 6 =

58 B MALB w3 e 2 8 i T (B FiRS]

2024 F2HA 28 HELtRREE LT 22 VWHRTRE:
BRIALE T AFRE L XFRAR, LR RINA, 1Eh
FRYERAMEE, ﬁ%%??ﬁ%ﬂ% Z.

(Mt £ 370 TF)

BARKFINE 2024 43 A 8 HE X

-66-



BHAF (2025) 50 &

S PRI P 0
ERA UM IR 2 B DA
HURA DL 0

ZEAAFFMNTIRZRRTEARSIN, 2025 F 4 A 15

N

_67-



R 1

B RAANIE R 22 R X
PN

HEAN: BRWE SRTHF

Z i (HEREEANTF)
THEM IHE FESE wiE XANTHE
W E FHE BFEE AL KXE
KAM wET BRKE KRR WA=
WAl fTE flaw B R EEAR
X H®H Brm & F

-68-



B2

BRI E R D 2 A R R AN E
L YNGR
(%7 4 BMRESA )

Z R T A EAxE ZFF HLF KRA
R HER RRAE REAK AR
=HE Brm ® 07

Mo H. £

2N FEFRBFMIFENERS

x B NTH

BlER: HEE

Z R: ®H OF A A& AmGF AEER I OF
ROE KEE F % A ¥ # R
rxHE ®m & EHH

B e KT

~69-



LHERMRUELARERBEFTEDERS

= & BER

BlEF: KR

Z A: £ @ A xERE & =k
= W FRM Az BRFTE B R
Z #H ERR Z #

M e AR

4 FEMRBEGEIERSARFRRFUTESTEZERS

£ K IFE

BlEFE. EA4E

Z R THAEMR B A Foak £ /HE
MaLE K OF ORET KEX FEK
BER WAkE EHRE

B EReE

B ARKFEDNE 2025 £ 4 F 21 HET R

~70-



{{o= o= 2 VAR D ed o 17 B o = 2 VA L W B
HITE AR AN

H 2020 ARELHARENERBGLFREEEY 45, A
RIEMFFRFAFMAELAREFAETRE, EUFFMAIT
EoZRedWEE, ThFFRATHRELAFEFLARBT
#—FBIT, BT

—, EEARERIFFAURREKR

(=) PIFFEERAELR

FAFAAE LR AT S AR T B L (L
FEAWEL TR SHLHARAEFEFAHAFIER)) EL LK
AREFUEXHEANE—FE (8 RWE—. FEF ) HR
W, FBlEEUSR H AR R R E R — T

(=) A XVLHA

18 > 2 AL

ATHIEFUNHARBXNE —FLELAAEITKAF,

N RERF—EHENELFIN, REGHA LR —(FH
FHEZE, AL LG, PARRBHERBUT 7 R #ATHE:

(1) EWAMMEERAFXEE—EE, NWiZEXEWRRSE
MAEE, AT 12RE;

(2) E=ANMEERAFXEE—EE, NiZzEXEWRRSE

-71-



ZARFE, AW 13 E;

(3) DA,

WA HEMAEREL, ahFFLFESZER ST RHEE,

WEFEFAFHAT AU LR, Gl EEmEL &
RER, RFERMAFERFHELFHIAT.

28 X ERE R KB

WEFFMFAFAE L EEFMW R T T TER, Mik
BleEF MR ENERER, WEBXRHER, FAEELEF
T FRRER ARG, £ 4 F E-mail A8 K KIS,
MeErHEEYERA. FEENFATELZERESRLF ML
EE, 2O —BXEEXRAR, —BXEEXEHK.

3EACTFHT I X R KB

WA FE F A B B AT UM (R FAiF 2 -
ZReMEAREFFEFLHFNER) ) LXK EFEF—1F
#H (RRIPANE—EE, FENFE _(FH) WXE, XEWE—
ELBUAEITAYE, ARARFLMRRFHEE T, 7=
LR A F AL

4. H R R T

(1) FHERRKLAEF;

(2) S 5RANFMRXAZHANFAEE CHEH)
BEFHR (BHELER , BEH, — B AP T ZFF;

(3) KGR LL LB R K s

_72-



M)%%i%ﬁﬁ%ﬁ%%ﬁﬁi%%%&ﬁ\E%ﬁ%
EEERARARP I EEER W,

G)ﬁEWﬁéﬁﬁ%ﬁéﬁiK%%ﬁ%iﬁ%ﬁo

SAEARFRBTI AR W SONZFIL, LG (FF it
RaERaBEHEAFFEFLHTE D) .

6. 7E 18 £ F A0l 3K W K A% W & A ] & UL B M R K B F IR
AT, BN B I BB R AR, KA R
EHEE, 2RWEAFEE, FRELETHANR L EHET,

Bl sz, BINEE, FRTERWIES. FHEZRHK
ABENFFRELFEFFLRRERE, FUFE2ZA2H
REBEEFMEE, AT RRERNE L ATRXEF L IF,

. HiRIAZE

HTERIIANAMEFANTFESZERSE LR £ FI1EF N
B R WHT E R RMIE X, & F L HAZEINE N EFT
EFMEANRREEN, TRERABR AR ALK —REF A&
F—EENARERBIBTI LB, WARREBELFEZ SN
AR F— R AR EAT E#ip o

=. XM

I EREGTFAERBRGHRFAFEFEFMAARGAF
FAFE R ZER 2N,

2R 03 A AR FE A AL, AL 4 B (8] BUR R R A

FUFRLZRSINEE, AHHTHEHIFMFIE,

_73-



AR 3 A 0 B A 5, Al B8+ A\ ¥ 2 8w

G, AR TEL

FLFIF

TR EoRkfmwE R, S0 (5

_H\_L.
ZREFAFME LR EFIFR

H
K

3R &S

RN

Hi 52

a2

40— RERTTEZINE.

M. EH

el
D)

‘N

B 2025 % 9 A

1 H A2 B i 5 L B 18 B 58 A S

R
Ely
ot

2024 F 6 A

~74-



B 2020 B LA R AEERG L FRTEAEN 45, K
ENFIBRELZVFAAREFARTRE, BUNFFMAITE
AEREFVEED, A F T RE L LM T A& FiFF LR
RMT#—F BT, BERAZET:

—. EEHRERIFFMRREK

(=) PIFFEELAER

W& W (L8 50 A A 5 8 18] B B B 58 Ak 5 57 08 AR ok
FRL ] 3% R o B — TR R 28 3K R R I — T

(=) AXHHA

1.8 F 2K kR

(LD REELHET AT RER, KEEFI 2T LA
FEAMAMFRASELERT Y2 HETRAELRLE ZH
TR A B P9 2R 3K E BT A A

(D UF—KXAAN (BRFFE—. FE£EF ) BERNER (&
Bl AALEH LT, ETAFANE—EFHA;

(3D & FRAT A AT W AT B B AT — T(CHE 4 7l =)

() K E LB B R FHEATT K AR ENEIRE 5 20 /7
T (&) Lk,

-75-



2.5 78 2K kR

(D UE—FF (aRFF—. F4£%5 ) £FFKIA
IE BB TI S E AFHFI R RFAR X 1 E (LA (LFF
NIFESERSEELHAREFEFLHTER) ), HITAFH
B—F LA

() MIRRKBENEMBE AL -FLRULE (4L
=) .

3.8 3 4 AN

(LD AFRERFEF—EEWELEN, ARG ALXES
—EEFHRE, T oHata, PARRBHERUT 7R #
T E:

(DERNMEFERALXEREF —1FZF, NZBEXENRREH
AEZE, A2 E;

(ID Z=AMEZFEAF*EF—1FZ, NWiZE XENRERD
ZAHFE, AT 1BE;

(1D DLk K,

498 XEWR A REN

WX R, TLEELHERRSTHWNERL, ERER
BRI N B R (NEEE AR EHSRE. 83D b UF
(IR XA

5.4 FFRIEST, RIEARFMIT LR CAZER,
L M EFANIFELZR2BE AR EFIEFLHTIER) .

-76-



AR FTENT, TEFEANFIRL VW FUFZAF
%, BIUH AR — K.

1EREMRREL, FEFRFRELHE, aFTE
Tl F L AL

8. TH T F 1k SO F 48 F &I Al & b J5 18 K 3L B e
MR, EINA B S RFE T EL B B ARy, RAT R
e, AFWETER, FRALETHANEIVERET,
e Eapsdat, BWHERN, FRTERUAES. fFE R AR K
RPN F TER LTV FAHAREFHFMURRERE, FA
TR ERCBXERLFMT R, FAFTEKRERNEL £
REEFMH

—. B RIAE

HTERINNANFFMF IS ZE RSB LAR EFIFFMN
BT E ) WEv BT R xivie X, & F U FREINE AL
EFRIEARBRREEN, THHRRUAEA XK —RF A
F— RN ARENERIAT LWL, WERRENFEE LN
A B Ak — IR AR T L e o

=\ XA

1A ERETFARBREGHEFEFEFLARBNF

i

B2S
28 1B i A R AR AL, EB IR E BUR R R A
A

FUFRLZRSNEE, FAATHEIFMLFIF,

-77-



&R AW FFER T F M, AR RV EEANFZ A8

~hNE R, AR ATEL

3.A—HRART T EEIN,

B 2025 4 9 A

9

1 A i L eV 18 A 28 A SE M

18
i
Eliy

2024 % 5 F

-78-



~79-



-80-



_81-



-82-



-83-



_84-



7 - H R IS F R G R R

Wwel ) wBAK WEAD |EWEF
T B8 51 08 85 4 54 SUa% | X
2 (Ml 5 BT sas | Fx
3 |ampay tuas | Fx
4 |BEEBEAEET sk | Fx
5 (s dp e svak | Px
6 |ttty himy suus | Px
7 (WA Ly as | wx
8 | o B AR R £yus | Px
9  [Chemical Kinetics Th#Eg | XX
10 [$B4MEsEA sk | Fx
11 [ AR BT AR & i 15 X
12 |BRB4EESLRF FUE | Fx
13 |84k BRI R sOE | Fx
14 |[fEREMHEHEA Tk X
15 |¢ETFhmuEY tus | Px
16 |4 F## tush | Px
17 |[BeRALE syl | Px
18 [B4F oM R A R Aok tuss | Px
19 | 4 38 ot o ik X

-85-




-86-



REA K REXRE |RREF
A B EESRA Tk | FX
2 [HELRMHSEHF Th#ESE | FX

-87-




HH R EFEHH kA EELR AR
2025 B AR AR TE (54 4 5F)

— ¥FEER

FE T S A A 7 — NS R ROV, TR T LR SRR &L
o EBEBRT RPEOER AT ENR S S ARG LA T X — B R B A
FoOWELL L MR ENEERIN RE LS, ATH BERIRYRIE X5
PNA o FHGE AT RN AL S A R U ” X — ORI, DL
TG B AR NE Bk R/ L 8 SR T S W M A 7 B FLARE A 7 2 A LA B S A )
N R AL TRUAN S 7 - AL AL SR PR = 5 (B A L &, il 78 12t
A&, FESL RN R AR A, R R 1R S A TR R B AR TR S
i, BEFRLE e R A S XA A A BARR IR H bR E

1. BARGAE, DT AR, el 3R 5 5 B SOr g i,
TR AT BOR, MM E, WAk, MR, FREE, BN
o F A BT F RS

2. WHRERMR: FRILSCAEMBS KRR LT TAINAE R, FERMAE. D
B MPRVRLSE RO SRS A S E R S RIS S 0V AR, AT T RS ERHI
PR R RETT R A E BRATHY . B S N B N BT FCHIRE 1, Blin KRGt 548
TR MAR G R S RAE . AR BT SNSRI SR, fed
W2 R (W DFT. 43 731 715 AT BRI HLR], JFRIE LAY ] 558
TSI EE SO ZEH,  SERLAEAL AR f T 1S ARG v T 5 4% . Sl i 5 HoAih
EREEX, CAHT A P AR SR i L, S B e AR AT . AR — T4 E
VE, RBNTUR b B 52 A Bl 1 0 SR AT BE 5 R K P22 R S

3. BEERM: RAMENAR. RIFHKOERR.

= XEHRTH

1. e LA A TR AL SR

R T RY [ e N Bk /0 R I S AL, PR IR BCAR S A AN AL ) B e A
Z IR EVERAT E B R o B 1 e Rk R/ RE L R AR T AR . meRiR

-88-



BT ARFFRRIX R EFRTE

Riy SRR A MG R 2 AR 7 IR ples Uy U S R, 423
Jie i AR AN ] BARI S i, Fh R BB T 3, R T AL S it RS AL 27
R AR, HEBDAE T Hr s/ M Th e 7 1 1 R I o

2. Hiem AR ST 5

RIETT 7 R AT L7 B G B0 s, B 1 B e R L I s
NMR. Jiii. HRIEHEE . ESR-STM BHFHRSE . KB IO EARNIE S g
SRR, SIS B HI AR AR PRI 22 RUBER K, S AL AR TR S
R AR R RS B AL SR B I RE ) B e el SR = AT S SR AR R I 22
R R ERIRE G, AT 5E R A RS PR TR k. A B shik
PR SIF TR AT “ 25H-O6T8- S Ntk " = AL — R seie Bl e, Reies RUZ T
AN LR G, T EOREE, SERUSRIhEACTI ISR IE, 456 SRAL
B, BREILEST A T O R T I BN A GR HEALAR DA DY FEA S IR v I A 77
AL S B RE T BT

3. Bhema LR S E R

LA T A B S o A SR IR A IR (RO S Jm s ISR AR A B
LR E A IR INLEIWE T DI R, A B AL 1 B e BRI R B, R
fegiish 715 5 YRR R A BEARAL AT 5 N DR B A R TH SR P A,
TH AN T By, T 7 B RERAE . AR B i, el 2
fEdT, IRZE R IT 58 R AT I H 7 B ERONL,  $ETT B e ML AR AT A A S B 1Y
BT SR AT B S AL SN R R FE RO, S ST RN E
Ve & IR R T ik, LT H IS AR N AR R . AR BN LR RESE T
B, Ut B em B RE OB S B, TN 0T e NG ET R &

=. ¥EEFR

ALK R BT ITH], REERGE M FARIGA R HE, FIHEWR S5 25400
W &S EHEEA Y.

1. RIEFE

FARUREE: SEA LY, WA BT SRANULY . i,
RIS THNGE. TR BIEE. BieHR T2, s, 1HE

-89-



W5 TR . BB SBEIR T SHLaES 2], N LR REmE IR
H, Bofk SRR RNE) 5 S PRI TS

2. EWHREE

SIS ST H T RIS B RAE, ARSI R S,
BERIAES WA AT R, BB R . s E ISR (ESR)  JEHLTRENE
(XPS) BT HEEAMME. @I iEE.

AR RIS, PRS2 5 5 MR EDE, FBRE
o WA R ARSI R, hTERT FULET

3. HHRIE

MOLRF IR . EITE T N, L8RS B e RO SR, T
JEAMSL AR TAE . TUH SO a5 A B AR AT AR I 22 S ML 2R
M, 38 FBLER 7 SV AL AR SEB B HEAT 704, R SLHERIVERE S 45 M2
[aliijeh- S

4. BHHIIZR

FARZR: EMB IR, BRS 5 PR XHEARRER, ERENES
O BRI I E R E ) AMEEAT ARSI

WNEESRE: ZARWHLCMBEERKR A S5HT), 2520 RS
A, GrHUE ST TR R R TR

GUHEE S RINGAE: 5 IR H BT, BAEING 1 5 86

5. 5 RIR

SERAVEA BT — OB T RO, VAR 0 A 00 25 S R TR

WEMBME AR, W REE LR RTRE1IZE P 5T

SR m: SIS AR, SRR SRR, FE B TR iR A R
18 3 1) P AE

D0, A Rl AR
AT H FARZEALIE WA 4 5, SR IROVEA A RIEK 2
o

T, WERERZESER

-90-



pot FFiR
., | BEAHK w| 700 merR a gi
B RAG
SR e S T A
90011203 D 2 2 iz 120
90011101 H—ANEE (FEE) 2 |1.2 P 100
MARAEFARAMES B LS -
05121024 (gl 34| 2 1 T 051
03121006 | ZARMIEE R XGRS | 16 | 1 2 T 031 E
FF 95 A 22 RS 5 22 R0
02121071 ﬁnizgﬁﬁg%ﬁw 171 ] iz 021 | —
=] H-~
03521005 | AR L EERT | 16 | 1 1 iz 035
07811001 | E Jigh N #EAL AT R | 36 | 2 2 Pz, He 078
05111004 T AR SRR 51 3 30 |¥kER. DR, tHig] 051
> 05111006 MARE N AR 51| 3 | 1~5 SRS 051
i 03111303 BRI 2k 321 2 2 Pz, Wie 031
- 03111003 B T 755 b S ik 64| 2 | 1-4 PERE . sz 031
03111401 e A [ A 2 32| 2 2 iz 031
03112404 ) 321 2 2 iz 031
03122504 BE RS 48 | 3 1 iz 031
03121102 BEATLE AR 48 | 3 1 T 031
03121409 A PR 48 | 3 1 Y% 031
03511703 | THHEALE AL BRI | 32 | 2 3 WiE. Wie 035
ENUEE R e BE
03511704 D 16| 1 1 W He 035
ENUEE BT e BE
03511705 ) H 6] 1| 2 e e 035
02121072 SR EEEHEH 18| 0 1 Pz szl 021
02121074 Y/ pulke s B 51| 3 2 iz 021
5 AHNEE 2 1.2 P 100
RE 3410 | 1.2 P
90052002 BiHr B4 5 Gl S2L 1 |1.2 TELR IR FE 900
" 05122003 W TCHLAL 34| 2 1 Y% 051
s 05122054 YA AL 34| 2 1 PR 051
- 05122006 DIREIE &L 2 34| 2 2 Y% 051
05122011 TR 34| 2 2 P 051
05122014 G b 22 b 34| 2 1 PR 051
05122017 | SR S HEEHEAR | 34 | 2 2 P 051
05122022 e =S 34| 2 1 iz 051
05122029 FEWIAOEEH A 34| 2 1 Y% 051
05122034 | #ie M HAE AR RIS | 34 | 2 1 P 051

~91-




BT ARFFRRIX R EFRTE

05122035 RN 34 2| 2 Pz 051
05122036 | TEAELAPRINH |34 | 2 | 1 Pz 051
05122038 RIS 34| 2 1 Pz 051
05122040 AW AR 18 34| 2 1 Pz 051
05122041 L 34| 2 1 P2 051
05122042 =705 IR i%ﬁ*ﬂrs& sl o | e 051
05122045 %%%1&%5%@ (45 !l 2|1 . 051
SR
05122046 mr TR 341 2| 2 P 051
05122047 T A e 02| 2 Pz 051
05122026 AP % 34| 2 1 P2 051
05122057 s 34| 2 1 P 051
05122058 A 3402 | 1 Pz 051
05122059 | Wi THMRAB A% [ 34 ] 2 | 1 PH 051
05122060 i 7 T RO 34| 2 1 Pz 051
05122061 RS OTIE S | 34 | 2 1 Wz 051
05122064 /\dvanced¥norganu: ne 5 . 051
Chemistry
05122066 Chemical Kinetics 34 | 2 1 Y% 051
05122067 SHucﬂFalmnﬂymsof ne . b 051
organic substances
05121018 AR & 70 BT SE 56 34 1 S 051
05122072 B REM B 34 1 P 051
05122074 RIRF=MLF 34 1 g 051
Y 2L for =
05122075 | 0 ﬁﬁ%:ﬁz\gmxﬁj‘% 2| 1 Y7 051
05131050 RUGLELE 34| 2 1 Pz 051
05122078 TIfemn 1 56 | 35| 2 iz 051
05122076 ARED M 51 1 Pz 051
05122084 AL 3R 51 1 P 051
03111001 (ERSY R IR 320 2 2 P iaCn 031
03111004 b e TE 61| 2 P 031
03111402 | SoC HRGWItTiiky |32 2 | 2 Pz 031
03112401 SR RESMA 32 2 | 2 P 031
03112403 I R 202 2 P 031
03112405 T 5 S A R 2 32| 2 1 P2 031
G Ry I L
03112413 o 48 | 3 | 1 Pz 031
03112415 |tk &Y SEMELSEME | 32 1 Pz 031
03112417 |  BUCEFHSEHDE | 32 1 Pz 031

-92-




BT ARFFRRIX R EFRTE

03122403 N T 715 3202 | 1 Pz 031
03112418 |  BLUKMBLAE RS, |32 2 | 1 Y7 031
03112419 | My KM |32 2 | 1 Pz 031
03112420 W BT bR 3202 | 1 PHz 031
03112421 HE TR 3202 | 1 PHz 031
03112422 |  HADeRMEISEMAE 32 2 | 1 P 031
03112423 TR RLRAL 202 ] 1 Pz 031
03112409 BRI 202 1 Pz 031
03121506 P> 32| 2 1 P2 031
03122509 | KA EVRF R S R0 | 32 | 2 1 iz 031
03121505 | ANTLEREATI S |32 2 | 1 P 031
03112307 | f&OEFRMARR |32 2 | 2 P, e | 031
03112316 | #MPUBFELNHHI  [32] 2 | 2 Y. wHie | 031
03112309 T SR 202 | 2 PHZ. wHE | 031
& | 03112310 | THz RISHANW [32] 2 | 2 Y. W | 031
WO 03112311 | L5 SAEMEORMWY | 32 | 2 | 2 2. it | 031
03112312 | JGEEHARERN |32 2 | 2 Pz, wHe | 031
03521006 TR 52 3202 | 2 Pz 035
03522717 REEE¥ ¥ 3202 | 1 Pz 035
03520730 | RK ig\j MARE 5], YE 035
03512713 | mEBZPREEAE (322 | 1 P 035
03522713 At HEE&M% (32 2 | 2 Pz 035
02122082 | FHEAfISLSRBIGER |34 2 | 2 Pz 021
02122054 I AP B U 34 2 | 1 P 021
02122021 T 5103 1 P 021
02122026 BRI L R 513 | 2 Pri 021
02122039 BREARY B 513 1 Pz 021
02121008 A G 513 ] 2 Pz 021
3 0
& it
i 7
21
b £ R
B RAFNER LN R Lk BiR HAb s
20 4 10 6 0
N~ BERHY

1 BEEER (M)
BB LI UE (T EMAD BRfBERt. sl g, &
B SERIRIFEZAIE A LUT . SRR ARG AR AR b W B4 1Y) Al

-03-



BT ARFFRRIX R EFRTE

HI AR, TALEIR . SRR SRR 52

W A B BRI R N A G . AR S, 2R
FE WSO R AG DURINT ] A S ASHIE 5 77 1) ST it AT B A 228 SCRR B 4R 1 DL AT 4
%%, IFGHEZEN.

2. JFERE (AMB)

LA — RN T2 3 e OT AR i, TR R H 5300 H 2 DAB I i
K77 RAZUTRE, IR NSRRI AN TF R & o TF R & A 26 &5 18 ST AR
W RN K B bR BT R ATATHE AT TR AT R, TSR 5005 2
b5

TR A2, B FCAEAUR VP T AR AR, IRRIZE T AR PPei 20T
WOT R & I HAZ A A R, RS OF RS TR R ST, SR EE
B, R ERL R,

WA AR VP 8 B WA T R 5 AT B e, & T AR S SR ST TR IR BLA
TS ER G, TS IR AR, AR A BB T A0S, AE AR TR Y
K. BRERN “AEH” &, EFHTITE, @57 ReE N PRI .

3. FHAER ()

WL A AE S TR S > 6 N H T AT I IHERE, T ER 5 FIHT
Feffe &I HAAL R HIAE LT RKA (B4 , MR AT S
%, BAxH 3 NCL B2, R0t B AR DG AT I 1 B AL A 4R S FUM B R A TR
R L K, BUIEERINE R, LA 5 A A 2 0E 20— ATl & X
Zn: WA SBOTASmP S ZA, [EAZ Rk,

RSB E REe, WEFCAEAUA AR AR R RICR (LA AT 15 08
FEIZ L HAR ) s BN b AR T s AR AR AR, iR (P ZEAN R))
BEATVEA, $EH MBS L, FRA B R

AR ARAEHERERIL, & B RFENRIEI TG,
WHE (HHEZIFN R Wor, AUFAREIRERFSR (angse. LR 1
PSRt iibuRssh SR AW 2IE 5 U

HIE AN, SERD 2 A LG R R IEE, R
RN BB F AR PTR P I B A SR A . PRk h IR A, B

~94-



JTZH 2 H T DL A2 AR LA IR H L T IR BT DLSE Bl s LA 15 IR 30 55 HE 1
BAHRSCAFIAT . Al P IS R 220 6 A H U5 n] Hs Bl &

L. EMUARHE R BB A R E R

1. ElbbndE

ENVARHES IR R T (2024) 72 5 (ETFRZEREFLA ) ST

2. HIESEAL R ER

P 2 o7 (0 BCR ER B R (2023) 1715 (R IT Rt 0 50 2k fi i 2
PSR ESRIE S REIL) PAT . TUH 4K 245G W BRI T B 70 AR Bl 2 A i R 4
W K H 3, LA TH B FAR S5 FIRE 35 B bR, B T H e oA f i A 0 s R 2K,
LR EAE R R, TR A% % 55 St

JAE-_{A7:9'S

1. BXEARER

L AR AR SO A A RHFE S, IR BERT A2 3 U @ R B R R
Je A E S R NS A MER R, B R SEEE. X T
VRN T DL AL SC AR R A T 3 47, IR SCEDRIE S HER . A
Mi. EEN, BSOSO, BdEF e, FEADT 5 . BERSURAZR
(R TF RS T AR A SCS RS (2025 FRO ) .

2. WLV

WIS IR (R R 018 SO SR SR PP o TAE S 2:) (R
T (2025) 1°5) BT VBT SAGRYE 0 S0 R BRIV # R KA

3. WA

WXEMSIR (I RERAES I LEEEMNE) (s (2025) 3
T, BRER R EGET AR S0 KR AN 4 L SRR

-05-



BAAFFRIXAREERTE
HRAEFAE Lo EREKAE
2025 B AR AR TE (54 4 5F)

— HEFRER

ISR AL St A L g 1] R X KT R, 5 DASLAEM NV ARAS, B AL,
FRM AL S AP IR AA . FRET, FARERCBELEE ., MR
R A v, PGB SRR R S I E B AR . BEJITTTH
HAG RGBSR, DL F it iR A R ) 25 . PR RETI S 58
W AE. RN, JHASERIPHEEE S, RIS ETIS R U H a8 PR, Bt
SR FIT I, b, FEIRMEREERE . BIAPMERS S g B 2k T
REIEEIRE T, LLIE NG AL 5 fiff A7 LI 80K Jie /7K

= XEBARGH

1. OGRS BT R T S B

2. =AU

3. L RE IR HL

=\ BN

VAR I LR E VIR O T, SR By, IHRaeIRzh ). =55 i il
o AT BRI ST AT AN E KRR AL ORI, AT RPE. SCERE
PR PR S HeE 5, R e R IR T AR MG S ST oA R AR vk ) Rt
i3

FATRZIMH], K —SIAEEIIN, AiiPAEedmgryEgs, n—
fr gk A HAR R, 2RS5REMR. WIURE . WXEMER NS, B
FEHAR TS RAETE LR AR AR . B GIE Y, Bk S| S ST R R
AR R & MBS SHEORMERE, $SRABIMAR R B AR . AR EAS, DA
FAEMLEERIFERIT. S LT A SRR 0 E A 7R 21

D0, A Rl RR
AIH FARZEALIE LA 4 5, SRV IROVEA A RIEK 2

-96-



.,
fi. RIERE RESER
ARIH B 220 B RAD T 12 24y, HARAFLBBRADT 4 225, Blkidh
BIERADT 8 257,
. . . 2 BR . }H%
K7 | RRERD WEAK SEA) . BEAFR | AL
4 | W .
vz
BN e ST AV X
90011203 s ‘X'ﬁé'ﬁ 34 2 2 PR 120
AR (AP
90011101 F—ANEE (FEE) 34 2 1 iz 100
WFSC A AR 5630 e
05121000 PVEFAEGIIEIE 5, Y% 051
£y e h=ar
oy 05111001 MARA RIS 90 2 1 7 051
= 105111002 BEAE Y 18 2 2 RS | 051
05111003 SCHR 5] 132 18 2 2 | W5 | 051
T ANEE 34 2 1.2 YR 100
RE 34 0 | 1.2 PR
90052002  GIH B4 56k S 1 | 1.2 | FEZRRFE | 900
05131043 12 ER 34 2 1 iR 051
05132016 Fraclikl# 5 TRES® 34 2 1 T 051
05132007 N LAk 2 34 2 1 iERd 051
05132019 BEVRAS BBl 22 Bt 34 2 1 Y7 051
05132020  KPHAE I I FE 51ka: | 34 2 1 iz 051
05132025 fEREM R 5HEIR 34 2 1 iR 051
jﬁﬁ%ﬁ f= b oLy N >, > S,
05132026  ARE SRR AR 34 2 1 iz 051
05122062 AEVRAL 2 34 2 1 iR 051
05122035 I FAEA 34 2 2 P 051
05122036| THFEMIIEALEF BN 34 2 1 iR 051
05122038 AW 34 2 1 iz 051
ma TR S .
05122045 e 68 2 1 P 051
CELFE S >
05122058 AL 34 2 1 T 051
05122060 R =3 A 34 2 1 T 051
05122072 HHEM R 34 2 1 iR 051
05122084 Al FES% 51 3 1 iR 051
05221004 MRl EE LA 34 2 1 7 052

-97-




05252005 Mt R B ) 2 34 2 1 iz 052
05252020| - SAmgn T 5H)iE 34 2 1 iz 052
05252021 PSR RS S 34 2 1 P 052
05251003 TR AT 34 2 1 iz 052
05252011 IARAL 28 53 BT 5256 34 2 1 Pz 052
05252014 AT bt 34 2 1 P 052
05252015 T 34 2 1 iR 052
05252016 i L Dhgess el 34 2 1 iERd 052
05252017 IS iAe 34 2 1 T 052
05252006 THEM Rl F A 34 2 1 iz 052
PhisiE | 05252022 TIRERCAL R &) 34 | 2 |1 iged 052

03112415 thEWE- SR B 54844 | 32 2 1 PR 031
03112417 ISR 493 32 2 1 % 031
03112420 R H R 32 2 1 P 031
03112422 HBCRBELS 834 32 2 1 PR 031
03112423 B RLRAE 32 2 1 PR 031
03121506 Hlas2: ) 32 2 1 PR 031
03122509 KM RIBFZZERE S HIAY | 32 2 1 Y% 031
03121402 BN EIESE ] 32 2 1 P 031
03121401 BT AT 2 48 3 1 PR 031

. it

MBI N
FE My B NL 2SR

MESER BRAFMMER E MR HADTRE
>12 4 8 0

75 RSN

1 BEEER (M)
ARG LR SRR oy T, T B A A7 filk LT AT O KR

2. FFEHRE ()
LA — RN T 58 3 e I RS, TS B %00 H A LA i
(1177 KA LT R, JEIR AR AT FE S 400 T i i« TF i i A & 18 S0 ik

-08-



BT ARFFRRIX R EFRTE

. WERNEL B bR WHRTT R AT WA, DR 5808
A5

TR IR s, WU A P o AR R, IR R L KR PPai gy
WOT R 5 I HAZAH DA RE, ARYE ORIk S PPR) AT, SEH R E
B, JFa AR . BANFIMRS NGk A AL 7 A TR i B A o

B TR AR P o i S PR S AT B 2, 2 I E A% R SR A T AE S R A
TP s R Ie, TR IR AL IRAE, WU AR B IR FoA R, AR A TR A
o BIZERN “AERK7 &, SEFHATITE, R R T ZIAT .

3. FHEIER ()

W FU AR I T B 2D 6 AN A A AR I, RN AR 5 SR
e MBFFERATIIE RS, S 3 AU R, 5 N A 50 s
LWL TE FEUMBEA LRI T R, SUNIERSNE K, T2 At oA
I £ AT L HK S W R S BT S S A, EAS
R

TR E RS, W FCAEAUA SRR AR IR (A AT 15 708D
I B RIE; HR AN BRI F AR, RGE (RIS P R)
BEAT VR, SRR ESOE I, IR AR .

ERAGESVIIUERE. IR HERIERIL, ZE 58 A ENRAT TR,
WHE (PP R) Wy, ARAREIRGREWIER (Amgse. LRI 1
NS A IE I A5 % 1 78 70 EAR A

FIE AL, SEED 24 H DUR RIERHR P IS, —ENRIEH
R R E I R IE A S RAL R, PR IE A EE S, NS
DAL 28y H 58 DL I 45 AR N R AR Y L T IR s DASE I Bl s LA I IR T e
BRI AT . T A E I 5% 5 220 6 A4S A 5] g ERL &t

B EMVARAE R IR SRR E R
1. EvirdE
ZH (BITRFRE ARSI (BT (2024) 72 5) 4T,

2 HTE AR E R

-99-



ﬁ%jﬁ -?—ﬂ')kxéﬁfbf—l&im A ﬁ;ﬁz

S (FIT KA LU E R A AR ERIE R ) (R (2023)
171 50 , BARVIIUHA. ERFE R vk,

I\ AR (BREERBRR)

1. EARER

LR AR SO A & IR AESS, RS thor 3 UL i B B 2= R R
Je HA S R bR SR, A B R AR A e

2. WICPRHE

ZH (R R L 22 A0 SO S R VP o LAESEINEY (R
(2025) 19) , HAZERIPFRHLH.

3. WICEHE
ZWE (FIFRE RAE S TR BME) (B (2025) 395) , HEZX
LR B I

-100-



I T e e € g
1Yl el T i VR R E
ETERRX

By, PEKIZEZEHAARAT
L7 WIKFE

TRABEREE ETARLNERERT R
GATHER, RERRKEARGEER, LR VEZL,
BRTORER, BRRE, MR, RREEALE, £
BARATATRY, B4RETELAMFA LY, %
FRALAEARTREARE, BRREEA, LRI
B 5 — R AT TRITIME, k48 ( TRAHE L5
HEETRBERTE) S XHRH, HEIHLT AR
KA, HART AL R, o RRBRNE, F44
Ry EIRHER, Ak TATE RS+ TR R T A B
SHRFTA R T—HAEL:

—. BERR

KT LRTEFAETE . P TERABR B
BN W AR B I R A B AR

=, #I5EHAR

(=) BARLAEFAHEBELT T AN OH; #
G LA EREYERY 345, HRBLERNY 44, K#t

-101-



EHARRBLFRAYSF, RKELFRY7F, WRF
TS EFEBREARTTRERN IEELHR4L (ERITE
Bta) FIFANFLAH, EREGLFRY 44, &K

BAFRA 6 F,
(Z) RBGREZFA ., LU LK, BB RFLLHX
HMELWIERT A

WRMEEERTNHE 1427 FRALH, W1F4AE
BT RBIEFRT R R R F A HBR/AZFL,
2EEAAE T I RE L KB I BRI W R HEMAR X T
o

AMEWMERR 243" FTAZH, W2HFEELEELH
RRIEFRT RO RBREIABRARES, SFEH
e W 7 o e b SR BRI SR R AR e B B AL XA

R TRELERRE 1437 FALH, WIFEEE
L7 TIRIE ST RET R R R F X A BMENEF L, 3F
KA T 7 I RE b SL BRI 5k A BT S AL XX T AR

HTAFEREFERNFLE, HFCRFTHRRARE
B, T

=\ FInBEF

ABRERTAERFE, FPLRXTARERXRZR R,
EHRRFITH 7R LR AARE W GRBLF R £
B LT e R i AR, o7 IiEN LR A A E
BEEN LRI, KAy mAMN . KL ER.
FAWE vHmE. FHREE ER-R, #OFALE

-102-



ReWAIER R TR ELTRIESR (ARARE, FRM

RYZFREFTHEHEF o
M. Eedlig it F e
(—) T#&#+

BV RTRFASXTHERE E VLR EEFHER, £
MEBERFETIRER, BTHXE LIRBEFANE K,
ERIREKFA, NARSNEDLERMEACT, B&
RN THEE, PLRITHFARXRRHATURTEHR
DAF R EATRERI. HFEGIFREFAFE, FUX
FHRLE, KNI ELTEIHA T ITANK I,
FF H 61 F R R B EE A .

BYRARFMRXTE—REHETA. FEIFHE
WE FHER. RXERERT . TEH. FARERE.
RARNE VR B AL A A A AR ER T, B
BRI EFAEEERTER, IFHFERLARAR LRI
FARXHRXFHALRZ L,

TR VRIS FAR XA d b XL LR E
AIRWE IR AR AEIEATRBHRNERITE, &£
PRTEXMEFEU L, YRR FMS XEHFH T T
RIBREHAREXTNR, BEREARAE > HOAMX LY
FHEAA IR I RAALE IR AR BIAEATRABRARNER
Wi, HPWFERNEFH L,

(=) =4£m+t

BYRHRFMRXTERE TV LR R TR A, EA

-103-



MEERFETIREE, AEFNELERFRACH, £
ERRNTHE, FLYREHARFMREXRRBATURTE
FHAB R EATREIT, HFBEAFREFHE, HU
XFHAEKRE, RWFAREAERBLER L TARTHE, ¥
O G BT R R By R )

BB RO X T — BB, WHEHK, #
XEARERT . TEH ., FAAGRE, BV RITHFEMLR
XHIFRAMEHELT, FOLRTERATREAT LS. iF
FERERAR o LB RKF X KT ITHIL ] E 4,

TR BT R A0 XA H 3 MAE X & b Uk R
AIRBEIAREHR S ABIAAGABRRNEZIFR, &
BT TR RO L BRIt R AL XA R T
RIERECHAREXTR, EHER2RES I REL
FBEAAIEM LA REHR S AR REAGTLARARY EX
G, HPRFLRMEF4HU L,

B ENIMFAFRTF

W E & 3BT 7 A 5% BBl T R U e e W o7 SR BUERAR
By SEBR AR TR BT E, TURKREAW XN TR £
WEHEFMANHNESR. TRAELAREENCNE L
RN, HERERTEIEFRT RFARNAATN , RFEEH,
el i, MZTMAEVES; R2| 77 iFF AR
RO HEAZRNK, BRPY B F AR CEHN TR+
TRE, MLHREFFETHXTREN T L FA4L,

Ny BMBEWE

-104-



(—) FoHR7

TABREEFRGERATRERX T ERAERE, B
TREAFX “BEEN". FHEHTE,

QLT T FMENTRAERAIERN T IFAB AW 5T
RN, ERARERARENE L ER., EhBitRFf
WX ITHEY R TREEENEE,

BUMIKEXE L F A L&A+ LiRE,

AGFTHARELTEET VLR, BREARELT L EZET
BEHETHHA; aRFHAESHARTER T (F L LK
R ZTUVEBRERGHREREN (FLEEEERSE)
MARTNERINELUAEXF AN FEEN; IR
AREEZRE, NBLEPEF XMEXTRERE,

5.5 77 3 i 4L 1R 7 € B W i I S F AL XA TR H WA
(BREEFARTFA. FEIERERE. PHEHK. B X
RMERT . TEH. FAIRERE. ARIAE. gt
RFMW TR F g ) FH, FHFERARAR, &
RICEFREEFRRE,

6.5 AR AT 77 3 1 B9 175 L e B A s KK
WY REEFREER FHATES . TLEEHR, hER
Mt A RERET 230 /K (FLdT) BharaERE, HARAHH
AR 330 TT/R (BLRT ) BhAFERy, MRIEEIRE b 52 5 1]
WHRH; ARAAREER T HEAGERKBEHZFT. REHE
B, XeREHFT. CEBREHTE, AREEFFFIL
RITONAN, HEARXZANEERF,

-105-



TRVHRFREEFRTRL, BABXARE, H£2
W HBEER, HELAHTH 7 MHhERHK,

(=) THFRFK

TAREFAS, HFWELRBIER, FART ER
T, AR T ETMEITARENEXIE; ATHARLEEES
EM. AR HFIER, BVEfEMER T ZE
e KNS HEEE LA,

QERTLT RITENFRETBKAIESRN T4 FR T
E%W,iﬁﬁﬁ%%ﬁ%i%%ﬁ%ﬂ\¥%&ﬁﬁ%ﬁ
WX LR AR IR N A

&ﬁ%?ﬁ%i&ﬁmi%%%%,ﬁﬁﬁ%Wﬁiﬁ
REFTVYEETE, BRAREPREDIRIZIM I
Ho

4.5 % F B E w2 ik K F A XA N
(BEEARTIAA. FEIEHEHRE. PHEK. #HX
H{EBRET . TAH., FAAERE, KRR AE. BT
RFEMW XA EHRE) RERK., FTFERAKAR,
FREEFRREEFTE,

SRATAHAREEC T HENBRKBEHE. THEK.
ZERERFT. CEBRFFT S, BT HFTAREET
LT BT,

6.9 %A+ A MAN I A RBFRHATH LT BMF
%, HAIRMANEEZXRF&; ELTFIHE, MTH
TR TR, €M TRELEFHNFR (1.2 F T/

-106-



FE), TEXEBF4,

+. FMRER ST EE e

1 BRARFAREAERGWAXLRAE R THBAHER
ARECFHEAR, R RFERENEEFR IR TEZ, &
e R BALHA LT o1 T 2R 07 Wil oS

QEAEFHARAERTHIFFMANCFERR, UKL
FERF. CHFHMANFRBXEHFFEEHNE, WiF
REBHAEBRE F LTI T ZRE

AAMWFEAIF AR, REAARFEAZR, £

WY R, TU. HRREERHEENT AT

£, BRHEBARTEF. R #F. TARE. T EIK .
SR BERERIT. FABX, HAEREE, TABE, £
WAI DR BA B LA H ZACH A KEAR R AR
#EAEAE R

AR CRFAFHRFRFTNELBEL B R=K, HAi
HREARERTHLRE L R R TER LS

SAFHAMILRK, KEARK, FERBNEIEA
BH v

J\\ Hfth

1AM NEF LR T EFEZERTER; BN EG,
W& hAh, BRREEERS,

2AMINELFZEZHRNAT, ARFHEWMF LR G Hh#E
R

-107-



ARA(TRAR LR FRELTRARRLIKAFE TR AL
HHAEBN) £F T

2
BRI %’P

-108-



HR MR

“FRERERAAE D" AfEIMY

A B oW HR
Y4y ¥ M F KX %

-109-



-110-



-111-



-112-



-113-



~114-



-115-



-116-



-117-



-118-



R FF R 2R I A B SCAF

BAFE (2026) 75

HERNFEM “TEL” AXRNE., (HEREZRANNE
(2024-2035 ) ) &K, AHEETF L. EHRATmkiE
AR AT R ERENRERE, FITAFEZEMAR LB
RXFRA R (LT @ARRERTD) , SRR G2 XTE #1837
R AMRERGEREGRRRAUMTAL, BREHFEAKX
XAEFERN L FRE T AERX, A aEz X E #5F
FREBMFMRZT TE, #lEADE,

—.\ EHFER

AR XTI E #EAUFR X ELTE (LT ERE &
) ARk, ARMEEFEFHELIARAEERETRE,
TR FAE STH AL T

R X TR w5 £ (U AT B S 7 &) ARGk
FRUFARENFLYEEARTEACHER A E, —&H 45,
AR EELEE (UWTERAEE) — A5 F; mKBLFR

-119-



ABERGVFREK 2 F,
—.\ HLAEE
TE IR EATFR LA BN ERERE, FRELEF
ERRHE. RBF2FHEZ WA ELML (MBIFHFLL) ;
ERATRFARTEEUNERLILAE. FHE, EATEKS
HATHAIREHE,
HRAEGEARLHFRFLGHRT EHET T, XTE HH
RAEERAEHAS, 5. BERE,
FUITEERSFRARIPUERFRBFMTELZ R4
(LT ERFER#HLTE) RE (FAAFFLIFEZEREER)
BATTE #IF R A F AP E AR TR ¥R HFL; 2 FZA
FHHLERTERRARRTRE. FARTRE, FHEAERX
XETAEEEF, FHEMRFMLEE, RERTFLNEN,
HRALELRFAFNE,
FHBATHLAAFREL) 220, REAFHBRETAF
HE. REBEERZERSHAX . REREEIFAHFIFN T4, &
EMRRFNBERXFRAREREES, WRFARRE N E
51%, ATUHSH KA FRRERNA T & F HEFFENRE,
FHRECAFTTEGRRAR EFE. FLIES . XPFe K
e ERE, GETRFARBREHEROFEEETE,
BREwmERFARAEZTIE SiEa0, HIFEHFHFE TR
BB H . AT TE R A AT TR LR AR IR B A

-120-



EEBEBRRTIE,

ERTEEATE AR RN ERA LA L ENR, R
TR EBEE R R, FREEFITFE AT, AREF
FRIRTTT R, WERFEZ, JTRTE B ITRE, #HATHE
ER X R T, TTRERWNIERXXHERRIRENF,

BN EHRTERAREZE AL EEE, A4 E R
B#HAT IR E, ARFRETNERRTE. BRITZHATE,
FORTAESE, TRBFRATHZ. WO E AR R R &
T, MEFERS. ERIH, 58FHEEMLRETT R E
Fro

=\ BRARSERITX

BEGHREREA T EZHRELTEERAEAHE, AF
TEBAFTE, BHEBEART R, BAATEXRBTE 25005 H
RXEaBERRCFATERTFH, BUTFITEE T, S
REAT T eV F A BUE FlAt K £ B AT EZ R EF M
BABERBE RIH S &R NBAER TR, WAFRT

EM

EETEGEATRAFLBTEAFE, BEARS L5
W, EHAENE Y E 6 AR (HTFASHR LAY EH
RMEER), BABE. FRARFREEE L. 25 FHH
R AT — R A S ST, AR 2 B 5 T L
A E R

-121-



BUH &R £ RE mR AL BIR. TELBR, TEEBER
o RESERRE R F 4 5 RA K £ RAEHAT. BH
SBREE: (1) AREFAAREKRE; (2) ERTE/F
MEBFREOWERXXZCRE, A RFRH T L EFRNELT £
RE.NHEBGRAER MBS 6 F XM T ERTMERA T |
HERWETHRFRTLRE, TRTFEXRFRTL, 7%
B/ BE LR RA A 4 F 0 R

RFSIETFRFAFME L EERER, TEARELE
TR EFANCERENRT, ERIEE SR FRHR
BREFMGRAZTEB AT RE D EXREF 2 BERLT &
FAFM RER | REXBER | HEXER B H & Bk

LA =12 ¥4 4 >4 24 B RTH |

- %, AR
N '\’\L : :

HiEA =39 F 4 5 2 S14224 MRFHA TN AR

£, BIRERE
EGHARENENF AN, ELEFIFEF THZE“—
E—R7 ERitkl. BERUXEEES2H. FATEH RLAERE
TG R HAT, 1EAFR £ AT BB K TR IR
BATERBERTNEMENSE(ETTAFHRERT AT
EEBEN) RAT AR, BB AR R A EHAT
M. BT
TUH G £ RSB T aEFAAF R, TARE. +H
R, RAPNBIEVE, R XA, B XTE . ERHERT,

-122-



BRZ AT R RERETE BT R TR THE & 57T &
BANTHERMEELAR, T HSmFHEMMRE L &
ARERRL B F AR PV EMRFMET FiF,
WRERTUZR, B8, LREFEFSHPAALTE,
FETEA A EFEEMERIR, Tk, K XE
5L ERIEREEBTREE, AREEGTA. FEAL,
ERERTRFRBAL,
TARE—RETEIFHUN(EFETE 4 FHED T K,
H&ERIE UG LR A RALTTE, CHRAFRARAR
TTAMRE. HENELE R CEARE. AXNEREF. FX
HRBAATERAT R TR X R R & 5 a3 Z A%
FE|FIWHN ST ARELRE, ETPAANTHFLE, T55%
o B EFITALR, FEERF. FHEASE (TH AR
ETJF RS ARD) AT I
TAREFPFERAEZARAGB B AL, ToEFNE
FAATIT AL, BILE A HNF L EIAT,
FRABRERLE, WEARNEREELTELEFTERILX
EAR, ARAENEEYEHFIFEZLEIRA. EEATEHREER
FRESSMWESER, FEAZHRNEFALIT AMRE.
FHEZ BN TES FHA(EHETFE 7 FHH) TR,
BRI AREED 6 AT FiE P HEZ B IE KL A
BERAHRTATERE R, FHAdE 3 AU LB+ A5 IFA

i
N

-123-



B, BV 1 URINER . LRSS p T+ HREINTE
, EAMANFEA, T 555Kk, PHFRLICMEE., #2F
RAI N, WMEEESDT 16 o P EICH, HEEREMA.
ZASE (THRHT EFHEZITFN KD #ATHEN.

FTHAERERAMF RN AR  FEL B ENEE
DPONABHERREZ, —FRNARLBRETHL A FE LA
REREZA A,

B £ E R LR S T AR E R P S, B
RUMELSTERXPEEE, L8| FIFAETEREES
M. BFiERHZ ORRKEL 12 1F, #F% £ T LA
AR H T HEZFIEN, WA RZREZA 6%, BT ARE
EHEEH—BALTIHF, AR FHEZEFIHFEHTDT6
™Ho.

BERFRBEATEREREEFRE TN, TITEFAR W #H
B, AR R T EEY, AEER, TARE. F
WMAERE—ATHARTeF LT URETE AR, e
gk, AZDE—FHFEM,; WERBL2RFHEMF
F R EZER2ARZELEERKE L FRAERF L, 7TF
PLR A

EERITNEMNAELERATT TEERE AR NN ERE
RIFERHATAERAN, FEHAEIR, FREREE. HATE
MBRGRERNITARE. FHRELEERIET . E LW

-124-



M5E (FHAFHRETBT K, MRS R TS ZEEE
FRELY RAT AR, BB RAE R A AT,

. ZA (B B RFEMRIF

T H B 9T A o S ] R R B I T R AR A TR R, K
e, BERIE R XEFAFTENEG, BERERH, FeEE
RIUE B AR R B R IA B AR R KTy, — i R A R
FrE s A7 wiF i Lo i

BE AR 2 (Belk) WoOFH R TIEm & & R
BB N EXEAAR, AT TFRFEAEFZ, TFLTX
R, EFRFFRENERGI, EREBFZ. ERELLI.
ERAGELA R EMNHEEE,

TH SR E R XBAIRXFTREXEHTRETF, T5
e FeirFmil. FATRLADT 5 A, HARIE
X, B—8Mmi?HEX—RAEL2 A WRABERFMNE
WARFEFZR AU LI LTV EAREH LT ZEL, EAAN
EELTERIF. BLERAANRS S FFIREFHEMTRT.

ERERCABRANRANT D TEAN EPRA 2H8RIT X,
EMEFEMERFRZIVHELEFITELE, EDH2LFEF
FERTEF ATV Z A E R F A AR E 8T T AT R A,
EFSWERER 2. A5 5K WXFHAANT S 0EHRE R
DHHRRIN, EWMER2THANERIMEL A FITEMLE,

BARERF e R FEEMNTIERE  BEANTERAL M=

-125-



THERGE EMERCLENEELFHBE,FEET
WU Y AR R EHERSEEA R T EHUTIC4 K
FHARKRR, B2REARARW =202 = (&) U@, &
RPNGEHRERLERETE, REFBEL2FN.

TEERARAERRT THHEREASREE TR/ FRNF
T HIE, TBITR/ FHRRE—FLER, EEWERR
FremsEfel, SHAEERFH T LRSS T ERAKX
WRI(EFMER, #FiEHEEIRT. EATERE. 2¥ 8 #HS
SEWEE, WABER. ARERFEEEE, AR ET L RE
ABBRFRT L, FHATHEFALEFIF,

ERPFAFFEEMWETRSE(FTAFELFMR R E
B RATE T A VR AF AR AL TEEEANE)
(B FAFBELHARAFEFAAREREEENL) (FFAF
FART TAEENDY RAAR AR, B BEAR R AL E AT

75 AEEEIN

FHKSRAE, AREefxAEeEk, 250, &5
B. S8, SRS, BIERANERFRERFZAL
FERE, ZREEFEATEERATZEZRF L, EBEREFS
B AZ AL E AT N o

BANTEGER, AREFETARSEMRENFEE,

o

HMENE RTE AR BNA, Ea5 BT R K7 HER
W, TRALELIW, ERTHE. FHEL (FLUFEFZER

-126-



D) FERBEL . WIBRANERIR LR FZBIL T HEAN
ERHENBERTMEBEATERERERZER, DEREF A
WA I A AR HAT IR .

W BCR W UE R IR, BUE RIAT % £ — O A R d T E
FE . BT HFRATESEWRAS 64, BETHE FIFRHR
E, 2%, EXTE. FREL 2. BRI A ERARTER
FRBENLETURY, AEVREH—Foigsti. BHEBERF
FERAHRERER, FELOTENEERBEF A, FIAT
HATEFZAMEA TR EFAATERER.

€. Hift

A EER T 2EBERXIE R £ mA R ER AR
R, MERANE. EFMNE (B2 £EATE EEKHRAT,

S

Fif e 1. BUVE 2 XTI E #I A 5 £ JF AL & 1T 1 5
2. HIAE R X IH 8 70 £ o 515 T A &
3. MIBR X ERH R ETE. b, RIEEFMK
4. B N TUHE 5 7% 5 9F F LR
5. 1B W I H &5 7w &

BT K FH R £ T
2026 5 F 14 H

-127-



1.

RBRTHIEIRRRFER

-128-



HEAELBE¥SENE NFSOC BEHTHERE—4&%

-129-



-130-




2.

¥ FREERITLE LS EEHAR

WEFRRR “CEAFTRAALHLER” KT

¢
f % Ak &

BT AP RFRFEFR




B 2
9l BB TIERTBER” B E IR 7R

(HEL Rk )
FFs B {I
1 TR FHE X F A&
2 HEERFUHNMF SRR AE
3 FEARAF L RRBEEXFRTE
4 AR RFREFHATE
5 HER A RF S F R F RS E
6 LFEERFAXELHFFHTE
7 EATRFAFIRFRAE
8 PEAWAY (X)) MRBFE¥RAE
9 xR FAESE B ARFPFREZE
10 MOGFR 5 RFEREFH 5% RH %
11 EMEMAKRFERIEG 2 TRF R Z
12 LEEIRFEEERTFRAZE
13 AT An B F B e R B 5 %
14 IAFET U RFEATEF R E
15 AT E ZSEEF R T AFRAE X
16 ATIRERFLARFER T E
17 G K FMEFRE FIRHE

-132-




18 T AFHFEFRTE

19 REBIARFRABRTIRFRAEE
20 REEMAKFEMEFRTZE

21 REBERFLEFHRMIRREE L

22 AR BER L AR FRZRMEERTEX
23 WHEFEAFNELEFEEIRYREE
24 WREHEAFIARIBRFRLLEX
25 REBET K¥FHIFRTE

26 RESNEIEBRFFFRAE X

27 TATEFBRLFEARFRYMEFRT L X
28 AR FE LB EXFHTE
29 B RE T RFA T EhFEFRTE
30 IRERAF LB EXFRTZE
31 EBERFYRFRAE

32 tERBEAFETERERAIRFYREE
33 it RFERTRFRTZE

34 FigSEIERFEIERTE X

35 FEIBFAKRFRFRAIEYREE
36 AN FREREAFRLEX
37 MEAFHELSHEERFFRLE
38 AEAFEAFRTE

39 Pl RFHOERSTEIRFRTZE

-133-



王菲
矩形


B 1

45 AielE

R “EAESE

oo 4 5

)

B Sl

(HEL BT )E )
Fe ¥ R B % X W
1 b AF Sig=a 2019 A+ A 5 5
2 A K F A E F T At 181 % 3 IF
. o BR & R
3| PEARAE 2 PR
S - RTHE G AT R T
4 ‘?%Uki(% Z«Q%FJ\Z ’E)%ﬁ‘kﬁi%i%ﬁ
o . M F B e — w4
AL Vs — & &
5 L RHE T AR b 98 TRHE ML 2 2019 ZA+ % = 5 &
A aF R s E 2 A [ ] ‘
6 | dmmispiE Ay | CRATSTRSER T A S
AFLEZR
Py gy et PR
1| EREkE | pabaaTeyp | o R BRLER
8 e E N HENE1E A F 2018 it + A 5 36
9 40 R B, oK R HE 5T A 490 B 5 S
10 b A K RE R B K 22 5 A 5 3
11 H 2 R IR BT I e
. T N e W :H‘L ME %
12 | dXEEHAY 25 *;@%Q%é
13 E I A# Y T B R A+ A T 5 S
14 bR E A AT T ARAERBEIREFR W TARAF 5T A 5 SR
15 I REAKFR MR AR FR R W

-134-




BAFEFR 10

) AL 2,
16 BT K 'TJC:J":J"@;E AL
LAY AR F S LT : M — a1 2
17 i/?ﬁi% ﬁ%)}%ﬁ*‘l’% ﬁféﬁ%%——ﬂxi%ﬁ
18 RE I K F Bug TR FE R ATIRE BRI A 58 FCHR
19 REINEEKNF B R EF R FIEEFF AT T
20 Fl K MUK A2 2 B 0B 2L 2 B A F = 5
. . W, B 5% A 5 T 5T 3R
21 WL 78 K 4 T PR (FEM % 3
22 KEHEITKRY¥ WAL H IRFR WAE A A 5T R
23 W& &R KF R G IR T G R
24 ANEH T K HEIRSNBHRFFR 1 5 A 5 S
o, Ve N = ~ s
25 /ij’:jlﬁj('?)" 75)‘#47]1%%/2% ﬁfﬁkiﬂ‘j{%ﬁ
26 RIEBERF 2R 3T A AR B + AR TARHF S A& 5 H
27 A f K ¥ % g R I
28 WA IR E Tk K% ML, TR Bt FH BN
i HEAN e e
29 Ejlﬁ.ﬁ_ﬂﬁjﬁ% Q%%%}ﬁi&#]@% Lﬁ#@%%}j@%%é}ti%ﬁ
" . - A fh B g vk TR A
N~ = A, H Y,
30 e IR E TR K% A An T2 ¥ PR TR AR = % %
31 WA R T S K Hrdr K& F % B 5T A 5, B
32 W IR IR E R K % — i K E F e 2019 RHFF A& F + 5 XA
33 ZEHR¥ FEEE XF & T — 5 A
34 bR KF NSNS = A i g
35 [ 7F K AFEFR R A S\ I
. . o, “WEE Ak
36 FAe RF hFH T E AN TSR TR A % 2
2 X A A 23
57| RRIEAY | CHBUBREER | g s

-135-



王菲
矩形


B 1

IS AR E S Bl

(HEL odT s )
Fs B I
] HEARFEF ZIEREF AR A 10 P35 373
2 EH K F W F R LA 203 5 E
3 RN N T 2 7 3= e R 257 3= 8 1l e e |
4 T Se K F A 55 KRG BT B R AR
5 FER N KT TER IR EE —H 7
6 EHEMEMARRNFEFMF RE LS F —F &5 I
7 i =8 I e S N R i o
5 ITEBEAEMRREE TREFEMARRPELR T EEHTRE
5 S
9 | hEMIAFAFIRFRALE H TEAETH QL FPIHE L 57 L
10 hERBAFEAREA LIRS R E % AL EE -7 L
11 FEMF A () 15 B TR FIEA R A E =5 136
= FEAEMAY (LR) MERFFR REFE HAKRRTE

G AT FHRIF BXK 3 S B

-136-




Fs B

13 | TEREAFRARE S CEHERE R KR E 2022 KE ke #
B YRS A 5 D

14 el AF A G5BT TAEFRIEE 2160 ¥15 X3

15 FPREBERFEF G RZRHFFRE F T L £ &5

16 AT T KF ARG Sl 3L e £+ % — %

17 FH A FERFR T RT LRBLE — 5K

18 AT BR & K LB A F R AT 50 A 5 3

19 BT R F M F F AT R TR S — 5K S

20 RERFERGRFFIHE L AT — 50 IH

21 REIWKRFHARFE TRERE L £ — 5% L

22 REBIK¥L 5B LF R R AR L

23 BLAFANMIBZRYRE T IRRAAREE =5 I

24 WP M & KRFE R 5 TR & 5L

25 ARERLERFERAFE TRFRE L £5% X

26 REHETRFUTF R &0 T L = F 45 LCH

. E%k#%%ﬂ#%lﬁ#?;%Al%%%E%%%@fé

o



王菲
矩形


LRSS

AIEEEE BN Zomse i id
o, —- s »
“oi[Ef 1" T0ifrd)AIPA A
F3 o ERRA R EA
1 b KA K E B OR A 5 BT % — 5 SR B ¥
2 R AF O E ¥ RGER 7 A
3 T KFHE — BBk JRANE 5 SO 7K 9
4 b7 K B 2 B AR K B BT o BB ME
5 R KF R IER X FRF R BT % — 5% I &
6 I ERFEZERAERE SR E =5 3
7 A H K FAHNEE F IR R A 1E R 2 T S ER i E
8 A KW T R AR T ) B%. B
9 e KRR F B IR TR o % A
10 WAL K F Y TE RN T W FEAL M B R AR BE BT o 3R W E
11 W KFEH LR RS TR Eg
12 WA K AR R BB 5 S f TE Fr
13 WA K S S BRI T LR R 5 S JE 3
14 RN = Qi
15 WA R FIIE I KA E — 5 X &R
16 E AR K B XY %A AR S 5 SR BN
17 HEARKFEBTFER S 2 H A EAT
18 PEARKFEFERED W EE L EHHE 5 HEE
19 HE AR KEEEREESITREEHFE 5 L war U
20 HFEARAKFURABER R T 48 R 5 &
21 HE AR AKFEZIFFRBOERIFF. B8 G5 B & #HAF A% L KW
22 HIFEAFE D 7 B E L F B BB E ZF 5 3 FRE
23 IR R AFHRE FHERS LR EE R A L HF
24 0 S8 K A B B A A S U A S AL
25 HIFERF G F R LT E — 5% 5K if
26 e A F IR BT 5 K8 A A TAE T B o S & 44
27 IR R AFFEERAET REWNGERQFH PO T E =5 o
28 HER W KRR S AR TR B AR B 2 T % S0 SN

-138-




X ERRTR RRA

BT RS M FFRENNFE S T EMFHT 0 H EiRF
BT RFMBRFS TRZEAT IR L FER

M ARFMFFRTERALSE — 5 X AR
BMATAFETEEGAF TRF BN T AT K

K RF AN TS RAR AR E =5 0
RIFERFHMRTEF R F R KL B
RIERFRAEFNEGEETEFRE M W EH % 5 3 B
RIFERFHRTAR S e S 2L WMk 20 00 2 B 5 S0 5 3 S P8
B RAUA S T2 BOUR I S5 0 AL 4 46 400 2 52 3 b 0 800 5 S8 ey
RIFFHBOR S 4 TAE 5 B R A 3 T 50 3 x| B %
REFBAFAI G ARSI TR BT 5 & HE
REIVWARFGERFEIREFRGRTAE R K KE
REIVRFRTHEREIRFRAEH x| R AF
REHETAFEHS R THEEHT Tt
RERFRRFE G HRTFFRARF R K L

K BER RS B FBORF BRI R 3 5 3 FHE
R EHRF T EHF TS F 5 IR

KA 96 K0 B A A T R R A E 5 X4
RSE KRFHEF AT REGARE A EREH TR IH EXK
K2 B BOR T 3 K 3R 20F BUT 91 50 e BB 3 SO FH
RIZSNEE RS BB FBH AU R BT 5 TRk
REBWAFHRIEFR “EXEAL BN (RRIFFRFER X)) ” A5 I EAE
REMERF MM L N8 HF AT H A 5 x|
REREFRAET LS EEFRTIHEH AN E R i
KIEHIRF B %5 B0 5 3 K
REIRFROAGERIARFRAE LR R R T IH R
RIEINA K F BN B AR R T A 5 L 2 3

K Bk Ko BN TA2 3 e 38 K 4R H A 5 S0 FEK
REFREABARFE A EFREATESE R EH & X X KEA
KiE R TR BRI SR F B BALE SR £ 58 S 1 [
R T1E BB SRS BT 5 #45 BOR R 5 3 =L
RFIAR IR SRS B B 50 B X B 3 S ey
REEFBFTHFRESFBORT I E S JOUR K X PR
RBCRF BB H 5 S RS

fedbm hRF (RERK) BT 5#E TE R RE R E v # R
fedbd HRF (RERRK) B TREREE HHERLH WS

-139-



王菲
矩形


HIALE

H

> AE

B=H "ERREAFAHITE I@RFEENAESRMNBNELY "ESKREXEN

FUBEIPA" Bl BIENAE R

FRN B E LI R BICEAF RS BTN EE MG B REAF R TR AR EERE
=i, AR —nTMERIR, HERR025FAHRARE=M "2ESKERFALITEN" IAEMSEN
it "eESREAFIHITEN" ST,

ERIIFER, WSS "SESREAFEINEN" SIZeEanAERBMEBL "SESREATF
LHTER" R BEMANERBETF LN,

S "LERREAFREITE " IRTEEIAERS

(ERFEEREERITRISHEF)

Fe R ENEHR FAAGEA
: LA R 4 26 4 3007 i B Bt
e L
> I T A
T e rmrEgmER
3 A KAELTERBEYTAL | KER
XAAGHEE LERITA
4 TR A ;ﬁgﬁ v R B K
5 LRIV AY  |HBAARABMIEHGEN | 2%
6 | LTMEMEAE | HA S F BT B AR
TR L R E
] P Mn%mﬁ%er%ﬁm s
8 LEATAE o b B H 207 B bR
9 LEIHAE | MFEABTEN % 5 F
10 LEMEAE |2 AR EERARTER | X%
1| REEkTER %% 8 IR ET 5
F K RAEE R K
2 o A % 18 4
T rmrE o
3 LEAER oLk B 7 2 %7 B L Bk
14 | REWRESE | ES %R ST E .
s LEFEAY | EARHERERFEDN |

~140-



http://www.moe.gov.cn/
http://www.moe.gov.cn/
http://www.moe.gov.cn/jyb_sy/sy_wb/201301/t20130129_147290.html
javascript:void(0);
javascript:void(0);
javascript:void(0);

ZHEARE BRI G H AL E

184 HEANY A
N 55 B8 A
185 HE AR KNF = 3 ZIN REZ
186 HER L KF # 2 X K| T2 # R P o
87 H e AR R LI A H KL B A "
Bk 5 AR ¥ FA
KABREHHIE
188 RE TR KFE FARAE S A LA 25 N 21
i FA
Sy gk G 5% =Y %
189 KAEEE TR A W B 1k
i E LR KF —_ g g
190 E B R R 22 |6 B, ¥ 15 B AR 2 E A M
St " LESREREIZITERN" SRR EENAERE
(IRATEERERIMRAE )
Fs RESK Ei] U4 Zi[ YN PN
1 EAF NI EH NN EHIFA | x4
HFF AR P EEELES FE X
2 FEARKF g
- Naﬁgm%@wﬁnwm "
j[: = = 3&' % ﬁ 7
; 1 FlE: 5 8 kA 3 % A B~
N
4 I ERHEKFE 7\ 2 37 47 5 B F 2 ) 7 A JE
5 T A ERIBREWMEG RAWANK | A5 4
A= K s AL A o e 7 Al BT 2T A
6 | kxmEmEAE [ R %
N
7 I HEE T KF St B AG 5 2 T AR #F E A FiEAE
8 L ERBKFE AR T I 2R T FA K Bk
9 AT KF b T it A2 58 4k 20T F A W 7 g
MERW RS G R )
10| e K 5 Ll R
Hl FA
11 I EERKRF 5 R APF R 20 A KAE
12 E R K BOE N SR T A O E A M
13 b7 3 K F KR T 2 A A PR % 3% Fn
14 AN h K F A # F 96 B T B PA RKE&E
ARKEFIREL XEEA
5| wasmEmay | OAFRESEAEARTR
Jifi A PA
16 T E G K HEEFHIALTLEHEARRK vy Mg
17 | MG HFR 5 A% |85 AKFFKE N E H %
18 | ¥HMAHFH G KFE B FFFHHE E &=

~141-



19| ERri¥n  |EReAAEEARENL o 3
20 | mRBEIEE B FE ST E X 41 46
20 | WEBGEAE | Tk B RS E FE
2| L AA¥E BB AEL BTN 5 7
LR TR HA S
23 |7 . AT s e m R EASORE N | k%
L
HET L AE (&
24 ?)% W R 5 R T SR A 3
FETHAY (& HALFEGEEETABTH i
25 N 7K R
) FA
0 L R S 7 A
6| hpmmen [FORXEEFREEESEA ]
507 B A
27 | L EW B G M A % E W
28| REBAAY |5 EEEREHTENL BHE
20 | EFEMEBAE B K BHEA ST 2 %
30 FE S 8 98 o 5 B %
oy XE AT FERAAT T A RPN
2| RERHAE TR AR T E A 2 1
33| REWELAYE |WLHSIEEE LT E %
Gk L b ] 4 |
} b REFERGRTRERAIT |
1 Bk
35| AALTUAE |[EHAEATEEHAZFENL | KWE
36 | ALEMAE  |AEEHEEN % ¥
37 | AR AL B S BRI SHE
38 L7 B R K W b [ 2 T B PR 2 B
39 NEE K% o Bk b 205 H % 4 fo
40 | HEEHHAL |HLbs L F AR TE WA
¥ R R A LR AT A
a | wrerexs [ / B 4 5 H
W LB R A
n|"" . 155, — A1 4R T B A e
-
VB o o R AL R 5 4 3R
. e T ERENE SRR
% 7 T
s | REEIAE 5 S L ETE %40
45 Ak T4 B E A T#e
W R TR AL 5 B MR 2
w6 | armmpran [0 BRMASHHAIN | i
B bk
Wik R e T
0| mrexs [EPRERFRREBIZFE

A

~142-




<<

HIERIER
HEEIE
RILE Fia
Bl~& Z

AAdxY

Nankai University
R0

7 G 5 o 7t [ BA

2024-2025 4ERE, SEHI A
POt 4w R K E BT RLN",
SR W—if” VT EE © R, K2
F “WIHFRZEBTANRERE” KRS,

-143-




ERRFEHTRER

-144-



BEERFEHRAERTR £ S

H A
FUBR SRR A B T 2L il B

KRA

KT 4F

BEARHMRY, BHERESE,
AMREAT BHREE S T7Ht,

FEHFLRESS
=OZ=&+H

~145-



S ERBETIEE

~146-



2 ERFEEXR (BE)

~147-



2 ERIFF LXK (HRRE

~148-



SEAHETIRAAL

~149-



FrtETEFFARXK

-150-



KRBT BT

-151-



REBEW “HEMXTHEE”

-152-



B+ 2

I 17 (127 S S R A T P S a8 2 o

Lot 4

(34 FAHFTE )
e ¥ K % A ¥ %
| J3 K 5% A
> A 2 M3k B SR 2 4%
3 SEAR A 37 2B e
4 o AL K K2 T
5| REmEmEAS G R PR
6 A A ARG R _
7 R T A% Xk R oo
3 J 3 s A AR LR 7 E
o | FEMFEAE (L) R R ¥ A
o | #EEEAY (kx) | FPIEITEAR E
11 AR K F K RFF IR B &
12 R K 0 R R T54
13 e 1 K Z5EEFR ZNF
14 e B A HEER BRI - %
15 | dempmELE e %
16 3Tk 2 BF 2 JR R

-153-




EREZB BT

17 A HE AR SR A
18 B ERKF % Wk K ¥ e A
19 | XEESEEFR HIEF T K A
20 R BT E RSN FEIRYR ZHE
21 RIERF MHRB¥E TRYR Fex
22 REW o KR Big 5ATBCF I KR
23 REMPEAF BRHES TRYR PRIBE R
24 REE T KF WHEAMFE TR¥R BT
25 RiEFEHKRF R AR %W
26 LTk K% REIR 5 I TR S I FA
27 AL ERKF HAEF IR B
28 KEETK¥ WG TR¥R F
29 KEREKRF HLAk T2 T
30 WTHEHKF B AR TEE
31 FEARKF REIARFR RKERE
32 JEW K F A XA SR F F R w R
33 EAARR A K R IR FHH
34 PR IE TR K FRMFrEIRYR FH A
35 FA R K% DB FENRF IR ALK A
36 ZEKRF NET AR KARK
37 iR K WAk G 50 1 TR ¥ 5 e
38 [&] 7 K A E TR F T LA A
39 FARF N x| FLE T

-154-



王菲
矩形


2 ERFHIFHR

-155-



“BTEREAFEFEAM REX (FHRED

“BTNBAFEFEEAM” REE (BE LD

-156-



2025 ARSI AR AN G hd AR )

Fs | (EERER | SIS WX H

1 PR B B | ZFERRAER-AIERAT 2 E 0 MEEERA

2 wAk RE | mEETHERBRENCENNRTH#e B

3 T FEB | KRAHANBBFEHRTHEAMFTR

4 R TAE | AR RR R A R FFR

5 TIM EEH | A EER R EAT E W 6 RS R

6 =1 TAe | B REBRMEE R RS S T RO 6 R R AN E TN S AR R
7 BER TH | FESGELFRAW R, FERENA TRERESTHRR
8 it FRfe | LGR4 Uik Xt 45 B e 077 8 8 e 3 E A AL B 5

9 n K& WAL | SRR EN S T AR

10 | R¥AE B9 2E | ALas 5 3] 5 B EY 90K 20 e S AR

11 | ®R4E Fade | #. HEENE K. RAEKETEMRR

12 | Ax# R | FHEENERE GO A KR AL F AR

13 | BET TTHE | AT = uaEA ANz FE AR

14 | BHW WML | AR Z#CEL S 5 R AR E S AR

15 | BURE | ik | FEARZALGWEENEANNE R, EUFFENFRR

16 | K5FE | AL | BT EA” H202 FAR Y e R AR IR 2 A 2 RO 35 B R R 5%

17 A B | . EERE ZRBEEME CRRAR) A Rk B AT £

18 | EfF=® B8 | ASEH CK ZE KW 3 BE KA R FR 17 6 15 AL & B

-157-




2025 AE RS2 AR S A GBS AT )

FS | fEE%R | Sings WXREH
1 TR Ha e T PR T AR SR AE 1 R K R T R e LR
2 R F KHE SR E R LA S R B R AN LR B U F AR
3 B Bk | A-D-ABFENAKRZE S THRITE &S EHERAR
4 N AFR H7 A v v o 2K R A R AT B AR R A R R E TS AT R
5 ¥ A2 RIR 22 2 & WLt Y 2K 7Ry 2 B AR TR
6 FWIE R 7k BRI E A NAFDRE B R EF R 6 a5 HEHRAR
7 WA — F g “Debus -Radziszewski” KR | & F£ 20 B R 8 T 70K e X E 1k BE A
8 %% R WREHAZFEY S EREN L IE AT E SR e
9 T 7 5 A E 18 3 X T 4 F5 MRS B A A 2 AR AR X e £ 38 22 A0 i A0 40 W A O 45 A MR Y BT
10 | REH R IHE | BERFIEE B PitA (PA4292) % 47 4% B S M v if 25 M A VI 2L -3k & 50 98 45 AL ) 89 B 5
11 R WA | PR R e 2 R R B A B S R T AR N AT R
12 T FiRF 7L R -6 B g | /N 11 A3 i B A AR B e (R 7 P 1R
13 B [H % Bt ATeAFALE ST E R = A E R ey @ wm kit
14 EAa )l FEA AT ERMAMERSE LB EMHR
15 B KBRS Z YRR AR B AE AR R P R R R A A
16 o R W R A% BT HEEEGAR
17 FIMEF F& IMEH B LA R AT R Rt 5 2
18 B F B e B EMAMNRELEAOT N &R LS EE AN ERAR
19 e 1A 4= I X HAINIE A b T R 89 AR F B
20 KR EF Z it RUUIE XTI AL B b A B A S R R MBE & 4 B L B2

-158-




Fs | EEfRR | SITEsR WX H
21 71 FNEIST | AROBR R VIR KK S IR B 3 AL R 1 B B A A A B AR R
22 | REFK X | FEREBRENMREHFAE L (2) BAEGWNER R EEAXTAFR
23 | AR BATE | BT BEALALE B9 3h BEAG B A R ) & R B L AT 4 & A A0 L AL R
24 | BT & % F D BRI GE RS DNA By [ 41 ] FT 20 e 7 5 1 VR 2t B AL 4 B ¢
25 ft R 7 X AR SR R A B B B AR R 3R T I R
26 | EEM ZAMA | B A BRI AR - Lk T B AR B BT B R R EAE T X AR Friedel-Crafts OB 9 B R2

-159-




2022 AR RHOT S AR SCH A G BIE R )

FS | (iR | SInls 128811 =]

1 AR TR | A-D-A ER WA ZEM RIS m R AR E R E AR

2 Ik HE HREAERAMA L B A EMFRIT R EE, 9 A

3 BEWR HEA | BENTEXN S KWE QAR B LW E

4 KEHM F2A | TFHRAINL ARG RS 8 A A

5 x| e 3% NEf | ETEFL-ZHRERANE-ZEREAR AW A KSHERFR

6 4L WF A | BEIE o AT E R Ak A K E AW CHLCIV2SOD:, B #1538 AL | 2 o g A 52
7 TR Z X it b B R G 2 R A e = 0 A R BT 8RR

8 RFEZR ITEE | MAEEERAAETNLEERAERE . A SHFEHAR

9 L XAg | A SEERE R P ER B RILE BN AR

10 T TRESFT | A TR A PE By AR R K R S B R

11 ZH BEEE | ETHAESENFE 5w G memmasa

12 | BEH BlBR4E | & T Im A Fe® M & R AN BA AL H A G 75 e 47 6 35 BB Fo AL

-160-




2022 AER AL AR SO CHIR IS A FHE )

Fs | (s | SIngHR 128811 =]

1 BB | RERE | B E C(spl)-HBE K&K A KA NEIRHR

2 e | KkA | BRXBFEB-ANEESENRIT &K SHERR

3 AR AARTFE | W-ER AR R B & R R AR

4 kKEE & | 2-7 F-3H-T KB 0 T AR R

5 i HRE | H-AR EH R RS R B e R AR AR

6 FEE | KEE | RBEARGWARKTREAREEAENRBELERDG RS T E RAE AR

7 whE | MR | ATHEEDEMFANEUEARESE TEK

8 HE FRE | AT AR A KR V/P-CN F1 Mo/MTP &4 i 4 1 14 7] R Bk BR 4 25 SR A 4 e 4 AL A
9 FFEE k% | MST1 /P89 K E 15 538 % 72 W0 AF IE + B9 18 A ROALHI 2

0 | ues | mEw iﬁ%%éaﬁ%&@#?ﬁ%%%A%AmmnﬁMmP FEHNEeRRDNRNKE
11 | £X¥HF | EFF | AHK3 7 AXR2 7 SSPP /- S 80 1 8 B2 T B ) g6 X

12 | &KW | "EMA | ARAF-HENRETFEARRAWERLES BRH R BLAHR

13 Tk#E KIER | Lemd fE4E RPERR & & + W 1E i Fo Ll 5 %

14 | Eaf | Ihok | KRS RIS SRR s 2 G ISk B E B

15 | A% XE | E A ] 6 AR R e AR 3 R 7R I AR

16 | #HTE | HKBRA | ETANEE N EH/EH PIN B 45505 A [ & #H %

-161-




Fs | (s | SIngHR WX

17 HHE IEH | ET NB-IoT WR A KERXRESN AR RIS ZH
18 | FRKX | THA | ZNE%RT EEFBHKRGEEFAE A & &7 R
19 B E FER | ZKRENABRY R E &R

20 Fit FIERAE | AR N 5 22 2o A0 & BRI R B B AL 37 R

21 | #mE | XgEF | BRERLEGFRER (PSNPs) i /NEZ 2 —RARF A FEEHR
22 T IIX | A (2) BITEMEWET BE TH X T804 R ER R
23 | BANE | HERN | RABIRA BN AT B X KA & e E RO
24 | Toi T | W% E. EFARARENNE RS FR

25 | fAxfE | xX#EE | FHEN-£FENENREEESERNHR S NA

26 | BRFE | FPEE | AMAEF. BB OKRANE RS FR

27 kB INE | MTA2 % 5 R-Loop 12 ¥ ff 48 f 8 T 48 f ¥ i

28 | WAY | xl#E | B A THLA RGO A

-162-




WA SR B E A B RS 2RI B

, FEAFA| %X
P FA T H 4 # .5 RRER 24 e
Va # R A A Bk e 637 ORI 8 “EEUBAF R FE e &2 [ 2023
VAS ERA ER AR —2 K EM D EMCEREE — NN ;
s S A R R FARERE o T
‘ BioniCare—177 4 % 6 31 ik #E 25 1 5] 4 % EEEX 3 RE FFHg | 2023
B —5— KN mE ATHAEREA “FEROUEHAF R FHE K ROFEIE | 2024
TR —TTE LT REGHRY et o A E R RE wR1E 2025
i 1] B B — IR R AT R R AR Ry S A M TR HAMFERF AL X — 5% W& | 2021
CHEEAM T 2 EARFARIFARBMED TR FEAEMABEMBNETRERITREEMFNEFE EARFRFARX — 5% TKeEAR | 2023
AMBEREEELTERE B ECRAHEE — %% EF—% | 2025
BOEE—RFMHETL, FIHEZHE ket e RE KE 2020
CHERA T B K AR R EHEER—TFEMMAESTRE R ETE ESH R HE R RFEE RLE F AW | 2022
FEEH EAXAERGERKELE RE TSI 2024
ME: NHRWAAIREESE M ERE e FoE | 2019
AccRate—4 3k ¥ € 178 ¥ 17 25 R P A N B R = X & R EX3 &K S 2021
EFER—FEERBMAEAATME R EX3 &K XgE | 2021
_ ‘ . \ BRI+ —Dldig i &6 AW EH A “HEOEAF R KE % Z i 2021
TEER CERA AT LAFALASK AR Intelligent Monitoring of Water Supply Network E fr &8 A e 2020
AT BE G EMGERABNFEEARERA BHE R Rz A | 2021
WMo HRHHEERAMLERARERCH —AFWINERRS | “FFELEHAP IR F e B Rx | 2021
“EHRT —TaMERERL mHEFEE i HER | 2022
T EHFFOFEAR AAFL——ENAARER L E N RE FE M | 2025
o [E] @Y 37 6 b A a2 N g YN h B2 EM | 2025

-163-




Rt 1

I B A £ R ASE

AR || ALIA ) N e 5 A7 D
HEEBR R GRS (2025) S 4n
"E
F5 SRR E £ (K. #) FR fFEA P~ 3N R ]
D1 i;ig%%@%?%&ﬁ)ﬂﬁ@&%’ B8 A KRF I CHEN WILLIAM. SIY ANDY L
T
F5 SRR E % (K. #) FR fFEA P~ 3N R ]
MR, 48T, . THHE.
— k% g —— Al KA B 2 B4 R4 e I . WRE. FAM. WHE. Dok, | L,
D2 PRty L& HL K% MR I . DT B R ke, Eh4g. E1H
F Rz
=%
F5 SRR E % (K. W) FR fFEA P~ 3N R L]
< — AL T\ b \‘é_/}_5§
py | T PoREETCERG®ED i Bk ThE | HAE. ABE. GE. NOA | HER
HF AR
XA i, R, TIFR.
HRe——TE 1 Al ) Sk By B3 45 F o ak MRz, BFE. B Hlm. | KR FHRE WEZ. X E
3 :H:/\ :’i I A, T‘E;“no——‘v
P mwo R FRELAY FAT | yma pE. K% LE. | W K4
B, HE
F5 e il BR (#KX) #FR fFEA SR S HT BE R
&, K, £
Sedush E, THE, ¥
D5 | Enzyme Surge ¥’ University of Oxford De utiy Zehui Duan wE, BEE, AWM K F
mi

IEF, FRAS
)

-164-




EGER—— R TERENFHEL

X RIE B R R RSGA. BT R
Ji—# AT T RRE,

T EHET A% H i E . K
e R AEELIRS ARI g s, wm. 2un. rpn. | O BR
BRE. XER
‘ fA/NF . Fertde . ApE L. AT,
11 | & = E =l 5 ER. ElE
AR Jx AR A ¥ 50w k. mau FEK. B
A EAHH. NET. REHR.
TR K —— B o5 B S AR X N HETVKEYL.AREE. P, | B8R AE. TEE. NEE. %
12 L3 B A R A |
Sk X AEMEMARE | FRI | e g EbE. NER. | WE. 2AF
A
MNER.ELZEB MEE. ZXK. o
B — — 2 T «= 5~ o N N . . . . FEKE . . R, 5
13 EE;;:K ARETHR =8 s LEET A BE | M. B, NE. B, P z’]‘” BAl. RBE. 7X
TH. GXE. XEIT ‘
VAS ERA Jik# Bt -2 3k E A% fh, 5 = T2 R U
N \ ~ s T A ~ E" h . X
14 | CEXBE-EBORENFL GEL = M A% gy | 7B A TR TERF | AARBEE, 0 A
k. KE® e =
# & 3k
o TR . 2. T X%,
B —— U AT MR 4 ‘ o SO TR R . B, D5
is ﬁ%;k;;m UEToE R PERAAY $m | Rm RAE. 23 mEy, |0 TR TR LR
WET . WhE. Thk. KEA |
. . KER. KEBR. AR, KA.
16 7 \__ é u‘%?-— N i t/\ /\Iﬁ M;:‘E_ R N N N N \ W/fig\ %
P E - RmBiEE SBARFEH AL FIAFREFHR RE B A BT, AR Mk A 7 F
dRE <N M ——E R T , EEME., TE. ARE. {H#E.
17 LA KA AFREE HHK FEN HE. ®
eI b4 A KFERE /K ke . AR BE
AR, A AR, TER.
4 W —— ({
18 2 T+ HAR I B A 5 T ST A K g Batmunkh Unenbat. = H #]. K% Sk . AL L

HFNE X

K FEF BMER. & RE
M. TR XAE

-165-



王秋艳


BHAM: BARALTONS R N o R A A SRR, | A e A, THE
333 i 5|4 Pl -%il b7 K¥ Th K %
L FUR— KRR BB W
334 | A0t R0 S 8 T P A L LRk =i | wE. mmE. EEA FEE. Ta
I MmmLML%$%
PR W KA BEE.
. X REHE. PE.
335 | At R —AEM G 8l 53 5] s FEEMAZGLE) | FE |G EE. YK, BEE g; i HEA. A
B, ¥
B Tk B T
) BrE. ThE. BE. BIH. | 2T AL AAK. AE.
ok s E S i A KT LA ‘ . .
336 | WEXMBE L X0 &L & EW b B A K Ifs 3y KEE. W M. BT %%m\%gﬁ\%ﬁ
ZREF. XA
SIS B4 £ 8. XM
THE. AME. BE. KL
HHZK—— AT E— R | \ Ho. KA. BHM. B AL , :
337 IR R RECRMRIL ) R T k% | o R AR BT e s Bae. %

b 48 B BOATTG AEAL

i B R ——JF B & T AT

M. Rm#. #
AN <

5. . KF

CEFWRE. TEE.F

AR/

N 3 L %% =¥ r\\ ‘:h . <
38 | g R MRS z ﬂﬁ MR KA. Al AL, ZRE. FWE
%?&\ M‘Z’E}%\ §—s—f\ E;\;% N
B, RIAR AR T, FiE.
T — KR R S B iégfziafiﬁiﬁégé\ R RRA. KEA. Kit
339 | R RERF i JE F , b n o MR RRA RN
i & FEME. Fr . #EE LR "
ST GER. FEY WM. BHE AT T,
) e, KB & T, TH
REG.REE. EREE. THAER.
. B, REW., pFa. F
2 T ARG S Bl 2B, 3 y 147 .
340 LB EEEEN F -2 T AR . ik b [ 2 - 725N % XF X Pl T\%W\J@E\$WE\

B0l 4 4 T R A K EAR

A X E T . A
%ﬁ%\ﬁﬁ

Tl KEE. BA

-166-



DA KL WEE. FEr.
oAk —— “[E AT BT ‘ WA KT BB k. | ARE. BHS. SR, LE
989 o \ 8 8 HRF g N oL .
o Ty AR ERTREXY WIS v mm. dRE. . | B KB
B8, THW
XY E. . EA . TR,
Bt ) — — 35 T 9 2 W 0 B o ‘ BRI L R, R4 ¥ \
990 = i = EIg S, B %
B R AT RS AR whEHAF THT | mm. mw rag. mpe. |00 BRHA
4748
ERE. EER. B AR, KA. B N
i;ﬁ5§?§ ;;%%ii’,ﬂ$%\ﬁ«%\¢ﬂﬁ\@
B & B == 1 FENE T & bR A (AL 3% “7 A X A A EE. A 4 3
991 | Mulsl (dbF) HERHA R FEA T E S PEMRARGE) | BE | e gﬁ WEE. KK,
TR
S MU, ZAL. AS. |
002 | A4 —— B IR LA S 4T R# T REAY B |, M N TR N
6. HEE. TEE. BEEHE. M k. KEE
Wm. EHE ’
u‘t’ﬂ—ﬁ‘%\ %]S\X‘]fjﬂ“\ _:E.ﬁﬂj\ _:E.ﬂE"\
‘ \ . \ KA ERM. KEW. BEE. | /L. WA, S W
CBRIKER —— 4 e s R K B 3 = R LA g | =Y TR B \
993 WUk By A6 B ko BR VK & 4t NEH HE R ALA BAE BT . MES. K. | £E. BEe
TEE. REH
GOR & 4t A B R TS R 5 B ‘ ,
994 bt = FE TEZE. E . VEE. EER., HiY
S 1 i % X R Zspit | GEER. EEH. HAH ZE. TH.ETE. HHY
: TR AT & R % % PR,
& AR ——[E W 6 TS R A & ‘ \ \ . \
995 ;Eﬁﬁﬁwzmﬁ“ﬁﬁgwﬁ R REA¥ KB | EoE I HE. BRE. | B BRI 0T kR
. Fol AT, By EAEE
o . LR, XATIE. M{E. M. | N%%. BRX. 2TE. &
W —— BT 5B R LA ; 2 =% . -
996 | Jz¥ BT A BTV i RNIETW A KF FE KET. BE. 578 P
9097 | A 4 iE M AR T R 1 F I A% 1k 77 Wk, TRE. . BE | IXA. SRR

~167-




-168-



“hEIR” 2EAFERIFABRBEERREE—FL

-169-



-170-



-171-



D s 2 I3 1 I DI DB 7T 1G9 1GHET 1IN 189G 169D

e

T
wel{of A\’

293G 2900

o

EY-)
-

k-,

223G

43

(=]

# & B

Certificate of Award

RiE. B4EE. T, BP4F. R Hifa, 5F48.
S, TRéRsE. BT

PRI  AccRate——2x B i Gl HLA ¥ I 25
YR A E XA ) , ES-LmEEER 5N

+7 R Ol A e B b gk 4 I
PSR P THE. Bk
Bk HEUE, LLYEEL.

Ehell: HEH, PRELH, PRPEEAERLERSNMAE, ERXAEAAFERE.
TURSSHE, ANSESIMSRED, RURNE, PERSR, PEIER,
ERAR-HNE. BRLREXE. AFHDR, IHS AR

RAEL: MEXY. EEMARRMA
5

HEEE EHA APEUHALAE
—o=—&+A

;. O - \Z. ,}/ 5 i
— - ;JHMﬂ-;_:L_ = W J _:_J,-' & i1l & ';h
oK z IEEERER ™ : 2021100016 s
JE BT (G
CE 1R IRET INEs BT T IHIIET TIHE T 58 7T I 78

0 Dy
1}

5%

et

o)

[ o ] (]
(WL

[ ]

o

0 [FYCY~)
e '-}\ﬂ: ! %6? )

)
]

Il

e

Wl

':%%%ﬁ‘ ?\%ﬁ o

LT ]
)

i Py

T

L

0 DMED D
DI

T w%r -

%E:d: 02

~172-




A E
o

V)
§ 5‘;

e oS

0 0/
T g

aﬂ% .

L
.

(i)

.9

D/
b

E

™ 1

oSBT

it
[

(AR AT
L -5'%%’@?73\4

T o

o T o I
- §{i'r- La]

(g ]

e e b S ee

& ﬂ.,g
L RE

%

&

*%

LOAICRE BIEE D m,p.gg%qa_yn S ) T g
T T T IICET DI T 1B TEIE T 3 IICE T 2 EICE

25

8 f
&

%
8 =

2

.}%

:’i
Y

£

¥
= "M o

-

Certificate of Award

X 4. £E#. WAL TEHk. RAES BRE. 8.
FiAh. FRR. BRiZ. DAL TR BIEE. R
it

Pririey i 5l ——b R EHOLOS ST

Fy , (el EE RS TR o il il
Jegerh R 4

fHS I k. M. W HE

F e, LAVE sl .

ENSML: BHE, PRELH, PRNBZLNERLERENLE, BERAVTAEERSE,

TUHAERKES. ANHEEAHESREN. RURRE. PER¥E. PETER.
BFRARFRE. BFESfARME, HEFPR, IOSARHE

e ——
> ,-.>~ - A
A 142
o oEs Rk .‘_’f_‘[

BASA: BEXRS. BEETARERA

Vg o &,
SEER EER AREUFNLABEASEE
zoi-ath < =
t_-r‘ﬁ’ II'! :;—::J i 'Il'-:.t-
Y SteosmantE’ \ HHEEG - é

R R R T T T

25

o I o

\% Y

[ )
(W)

E*F

Gl /) hn.;%f:_
(B C I LT TN

Q0
comg

SJ.-'".‘IE ﬁ "y

il
[yl S 3

Sxte

(AN
o

Q

O

(1]

e

)

3L

e T
oo

3

z L
(g

W
L )

S GICE

05
R

-173-




S
o

(LT

S%ﬁfﬁg

0 D )
T T M T H‘\'?.iﬁ

o0 N D
ST oICCT

-
i

B

£
pij

" eEs

3;%f§31

(AT
M)

B,

[
o

39

SRR

%'_E_:‘-ﬂ__pp
[wy

2
we )

L 00O DICENG D
J m%&-ﬁﬂ?d} c,rtr‘-:uz %

# # B

Certificate of Award

. Iihih. Ri. RAEF FAK KEIE &F.
MU R F. FRIRIE. L&

RiTT TS ( F14R D ——C g da iy & (o 1 B b
PR AR ), fES-EMp D R T e A Bl
BN Kb gk s

T T IR O T O T I DI T DI 58

3

RS E: 4. diE. BT
YA e, VAVE St .

ENPAL: BHE, PRELAT, PRANBELZLHNERLERSHAE, EFLRAONEERE,
TUAERKE. ANHEEAHESREN. RURRE., PER¥E. PETER.
ERMRFRE. BEFSARME. SEEPR, IA4ARHA

e:)._.‘- [

f 'r“‘ }\?f <
SEER “EHR+ XREURNIARARERES.
—o=—+A W =

1 2 j‘-l‘ﬁl 1"
3 \ 4 . \Z L £
; L T L ‘Jj e
Y &L WO e 2021200008 o
- BT (R
222\ 0.7 L /G 0D ICEND 0D ICHICEL j’“ﬁ L@ 20CE\ AAICED DAICED 2
%g ST T AT T ﬁue uxﬂwf} a::,rr‘m o -a-gé‘%?ufcr-m T mﬂf‘%ck'ﬁ L]

A
533

-

Wf

Roreon

Q. [ )
[ )

N

[ v I T [ o T
(R (o)

00
comg

e

QL.
(i T

Ga_0Q
o

CEYAp T (- Y] 043
TGN T TG CT DY

g i

i

1]
(Va0

Y RY,
LI

-

TR

~174-




-175-



2024 FEAFUTENHERAF LI RAR

-176-



-177-



[H 2% HAPHAR
uk 5
WESBERXARMRFRERA,
A K E P o

B LA & iR LS A48 80 A
Fo B 4 K HFHHF T

REBIFH: —F
3k OE B Mkl (FAF)

HEF54: 2018-Z-103-2-05-R01

—_——— . =

-178-



-179-



-180-



BAGRIN HRRERIKGE,
o A LS

Ay / HEREEKAE S

XEMEAMFER ot SRR, VNP

e '

4 e 2023ZR-1-004-D1

-181-




-182-



Article

Nature

Hydrofluorocarbon electrolytes for energy-
dense and low-temperature batteries

https://doi.org/10.1038/s41586-026-10210-6

Received: 12 June 2025

Accepted: 29 January 2026

Langing Wu'?, Jinyu Zhang', Yong Li**, Zhenyu Fan', Shuangxin Ren', Jie Zhang', Yawen Li',
Youxuan Ni', Weiwei Xie', Yong Lu’, Jun Chen"?* & Qing Zhao"?*

Published online: 25 February 2026

% Check for updates

Electrolyte solvents for electrochemical devices have been dominated by oxygen
(0)-based and nitrogen (N)-based ligands over the past decades'>, for which the
dipole-ion (Li*, Na"and so on) interaction usually lays the foundations of ion

dissociationand transport but frustrates the charge transfer process at the electrolyte—

electrodeinterface®”

° Here, by synthesizing alkanes with monofluorinated structures,

we show that fluorine (F)-based ligands with designed steric hindrance and Lewis
basicity enable salt dissolution of more than 2 mol I Among them, 1,3-difluoro-
propane (DFP)-based Li-ion electrolyte is endowed with all merits for energy-dense
and low-temperature batteries, including low viscosity (0.95 cp), high oxidation
stability (>4.9 V) and ionic conductivity of 0.29 mS cm™at -70 °C. By incorporating F
atomsin the first solvation shell, the weak F-Li* coordination facilitates the Li plating/
stripping process with Coulombic efficiency (CE) up to0 99.7% and exchange current
density one magnitude larger than O-Li* coordination at —50 °C. The electrolytes
further enable the operation of lithium-metal pouch cells under an electrolyte amount
ofless than 0.5 g Ah™, achieving energy densities greater than 700 Wh kg at room
temperature and about 400 Wh kg™ at —50 °C. The hydrofluorocarbon (HFC)
electrolytesinthis work provide a feasible approach to building electrochemical
systems beyond traditional coordination chemistry.

Electrolyte is crucial as both charge carrier and interphase shaper in
electrochemical energy storage devices, especially for energy-dense
lithium-metal batteries (LMBs)'*", Solvents with oxygen-based (such as
carbonates and ethers) and nitrogen-based (nitriles, sp orbital hybrid N
atom, sp—N) ligands have been extensively used throughout the battery
history for their strong dipole-ion interaction towards Li*, providing
the basis to dissociate Li-salt in electrolytes. Nevertheless, the strong
Li*-0 or sp—N binding simultaneously leads to the huge desolvation
barrier attheelectrode-electrolyteinterphase, hindering applications
under fast-charging or low-temperature conditions. To solve thisissue,
various methods have been proposed to reduce the Lewis basicity of
oxygen and nitrogen atoms, but usually at the expense of introducing
sizeable substitutions, which lead to high solvent viscosity'>™. There-
fore, exploring intrinsically distinct coordination structure with fast
Li* desolvation kineticisimperative to settle the above imperfections.
HFCs are known to have outstanding fluidity and high-voltage toler-
ance, whereas the weak Li*-F coordination limits the salt dissolution™™".
Ifthe exclusive HFCs—F and Li* coordination can be delicately designed
by strengthening the Lewis basicity of F atoms to enable substantial
Li-salt dissolution, the predictable low binding energies will promote
the interfacial kinetics of energy-dense batteries.

Here we report that the monofluorinated approach can greatly
increase the solubility of saltsin HFCs. Six HFCs were first synthesized and
themolecule structures were confirmed by nuclear magnetic resonance

(NMR) spectra (Supplementary Figs. 1-10, and Supplementary Note 1).
Westarttheillustration fromtwo simple molecules, 1,4-difluoro-butane
(DFB) and DFP, and two rules are found to dominate the dissolution
behaviour (Supplementary Fig. 11, Supplementary Tables 1 and 2 and
Supplementary Note 2). (1) The Lewis basicity of F atoms (Fig. 1a): as
astrong electron-withdrawing element, F atoms in monofluorinated
-CH,F group show higher electron density than difluorinated -CHF, and
trifluorinated -CF, groups™* (Supplementary Fig. 12a). (2) The spatial
steric hindrance (Fig. 1b): atoms with low steric hindrance have higher
affinity to metalions®?** (Supplementary Fig. 12b). Also, sulfimide-based
salts are found to be soluble in synthesized solvent owing to the low
dissociation energy (Fig. 1c, Supplementary Fig. 13 and Supplementary
Tables 3and4), in which lithium bis(fluorosulfonyl)imide (LiFSI) is cho-
sen as the representative salt owing to the highest solubility.

Wefirst evaluated the electrochemical stability of DFB and DFP with
the comparison of conventional electrolyte solvents by calculating the
ionization potential and electron affinity (Fig. 1d and Supplementary
Fig.14).DFBand DFP are endowed with both higherionization potential
and electron affinity, corresponding to superior oxidation resistance
and reduction resistance, respectively. Then the binding energy with
Li* as well as the viscosity (Fig. 1e) of solvents were further compared,
which simultaneously determine theion transportinelectrolytes. The
decrease in interaction between the solvent and Li* ion contributes
to fast ligand exchange Li ion migration, whereas in solvent viscosity
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Ultrasmall CsPbl, perovskite quantum dots (QDs) are the most promising candidates
for realizing efficient and stable pure-red perovskite light-emitting diodes (PeLEDs)" .
However, it is challenging for ultrasmall CsPbl; QDs to retain their solution-phase
properties when they assemble into conductive films, greatly hindering their device
application®®. Here we report an approach for insitu deposit stabilized ultrasmall
CsPbl; QD conductive solids, by constructing CsPbl, QD/quasi-two-dimensional
(quasi-2D) perovskite heteroepitaxy. The well-aligned periodic array of edge-oriented
ligands at heterointerface triggers a substantial octahedral tilting in a critical layer
thickness of CsPbl; QDs, which heightens the Gibbs free energy difference between the
tilted-CsPbl; and 6-CsPbl; leading to thermodynamic stabilization of CsPbl, QDs. The
approach allows us to fabricate stabilized CsPbl; QD conductive films with tunable
emission covering the entire red spectral region from 600 nmto 710 nm. Here we
report the pure-red PeLEDs with narrow electroluminescence peak centred at 630 nm,
matching the Rec. 2100 standard for ultrahigh-definition display. The champion device
exhibits acertified external quantum efficiency of 24.6% and a half-lifetime of 6,330 min,

% Check for updates

ranking as one of the most efficient and stable pure-red PeLED reported to date. The
approach s also compatible with large-area manufacturing, enabling 1 cm?PeLED to
exhibit the best external quantum efficiency of 20.5% at 630 nm.

Perovskite light-emitting diodes (PeLEDs) have emerged as promis-
ing candidates for next-generation display with ultrahigh defini-
tion*". Tremendous progress has been made in both green and
infrared-emitting PeLEDs with external quantum efficiency (EQE)
exceeding 20% (refs. 7-16). However, to date, the reported device
performance of pure-red PeLEDs (<640 nm) and corresponding col-
our stability remain undesirable® %, Developing efficient and stable
narrow-linewidth pure-red PeLEDs, in particular, the electrolumines-
cence peak of which is centred at 630 nm for a wider colour gamut,
remains a marked challenge? %1819,

Nowadays, the pure-red perovskite emitters can be conveniently
achieved through the halide-mixing strategy. However, the resulting
mixed-halide PeLEDs suffer from severe operating electroluminescence
spectral shifts. Accordingly, CsPbl; QDs exhibit size-dependent opti-
cal characteristics"** and are considered promising candidates for
pure-red PeLEDs. However, CsPbl; QD has poor phase stability and
undergoes a spontaneous phase transition from a black photoactive

phase to a yellow photoinactive 5-CsPbl, phase®?. To stabilize ultra-
small CsPbl; QDs, excessive long alkyl-chain ligands are introduced
into the surface of colloidal CsPbl; QDs to suppress phase transition
byreducingtheir surface energy. However, theseinsulating ligands are
detrimental to charge transport and need to be removed during their
assembly into semiconducting solids. The ligands are readily lost dur-
ingligand exchange, resulting in the agglomeration and degradation of
QDs. Consequently, ultrasmall CsPbl; QDs have yet to deliver efficient
pure-red PeLEDs to date. Toaddress the problem, anew approach that
is compatible with device fabrication needs to be developed.

The softlattice of metal-halide perovskites enables octahedral tilting,
arigid rotation of theinorganic octahedra, which markedly influences
the optoelectronic properties and phase stability of perovskites®.
Theoretical studies suggest that controlling the degree of octahedral
tilting can modulate the energetic barrier of phase transition in per-
ovskites?. Moreover, recent research has demonstrated that large
octahedral tilting effectively stabilizes metastable polycrystalline
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Plant absorption isimportant for the entry of many pollutants into food chains.
Although terrestrial microplastics (MPs) can be absorbed by the roots'?, their upward
translocation is slow'. Meanwhile, atmospheric MPs are widely present®*, but strong
evidence on their direct absorption by plantsis still lacking. Here, analyses using
mass spectrometry detection show the widespread occurrence of polyethylene
terephthalate (PET) and polystyrene (PS) polymers and oligomersin plant leaves,
and identify that their levels increase with atmospheric concentrations and the leaf
growth duration. The concentrations of PET and PS polymers canreach up to 10* ng

per g dry weight inleaves at the high-pollution areas studied, such as the Dacron
factory and alandfill site, and 10°-10° ng per g dry weight of PET and PS can be
detected inthe open-air-grown leafy vegetables. Nano-sized PET and PS particles
inthe leaves were visually detected by hyperspectralimaging and atomic force
microscopy-infrared spectroscopy. Absorption of the proactively exposed non-
labelled, fluorescently labelled or europium-labelled plastic particles by maize
(ZeamaysL.) leaves through stomatal pathways, as well as their translocation to the
vascular tissue through the apoplastic pathway, and accumulation in trichomes was
identified using hyperspectral imaging, confocal microscopy and laser-ablation
inductively coupled plasma mass spectrometry. Our results demonstrate that the
absorption and accumulation of atmospheric MPs by plant leaves occur widely in
the environment, and this should not be neglected when assessing the exposure of
humans and other organisms to environmental MPs.

MPs are ubiquitously distributed in the environment, including soil,
water and atmosphere>*°. Atmospheric MPs of 0.4-2,502 items per m®
were detected in Paris’, Shanghai®, Southern California® and London®.
Root uptake of MPs by plants was studied in some laboratory studies,
inwhichthe submicrometre-and nano-sized PS and polymethylmeth-
acrylate particles were found to be uptaken by the roots of Triticum
aestivum, Lactuca sativa and Arabidopsis thaliana**", and subsequently
transported upward'. The absorbed PS nanoparticles (NPs) might be
internalized into the stele through the apoplastic pathway, and then
accumulate in the xylem?.

Atmospheric particles can be directly absorbed by plant leaves.
For example, NPs of Ag'?, CuO®, Ti0," and CeO," were reported to be
absorbed by plant leaves. MPs have been found to deposit onleaves® ™,
and these plastic particles are highly likely to enter the interior of the
leaves. Inlaboratory experiments, 1.5 x 10°-1.2 x 10* pg per g dry weight
(DW) of PS (200 nm) was found to be accumulated in lettuce leaves
through foliar uptake®, and 3.51% of the absorbed Eu-labelled PS
(PS—Eu) NPs (70 nm) can be transferred to roots?. Note that all of the

above studies use the commercial PS particle models at very high expo-
surelevels,and thereisstillalack of reliable evidence at the field scale
for leaf absorption of MPs. The only two outdoor studies reported
1-Raman signals of acrylic particles in Chirita sinensis leaves from
residential areas of Southport, Queensland, Australia® and suspected
MPs (6-29 items per g) in the lettuce leaves grown inan urban garden
in Lisbon??. However, the former did not quantify MPs in the leaves,
nor related the MPs in the leaves to those in the atmosphere, and it is
difficult to strictly distinguish between plastic and non-plastic parti-
cles on the basis of the staining method used in the latter study, and
the potentialimpact of polytetrafluoroethylene particles introduced
during the Teflon-capsule grinding process may not be avoided.

PET and PS MPs widely spread in the atmosphere at relatively high
abundance compared with other MPs?. Inthis study, field investigation
and laboratory simulation experiments were conducted to quantify
the amount of these two plastic polymers and their oligomersin plant
leaves and leafy vegetables, and describe the foliar uptake behaviour
of plastic particles.
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o-FA,_,Cs,Pbl,is a promising absorbent material for efficient and stable perovskite
solar cells (PSCs)"* However, the most efficient a-FA,_,Cs,Pbl; PSCs require the
inclusion of the additive methylammonium chloride**, which generates volatile
organicresidues (methylammonium) that limit device stability at elevated
temperatures’. Previously, the highest certified power-conversion efficiency of
o-FA,_,Cs,Pbl, PSCs without methylammonium chloride was only approximately

24% (refs. 6,7), and these PSCs have yet to exhibit any stability advantages. Here we
identify interfacial contact loss caused by the accumulation of Cs* in conventional
«-FA,_,Cs,Pbl; PSCs, which deteriorates device performance and stability. Through
insitu grazing-incidence wide-angle X-ray scattering analysis and density functional
theory calculations, we demonstrate an intermediate-phase-assisted crystallization
pathway enabled by acetate surface coordination to fabricate high-quality
«-FA,_,Cs,Pbl, films, without using the methylammonium additive. We herein
reportacertified stabilized power output efficiency 0f25.94% and a reverse-scanning
power-conversion efficiency 0f26.64% for a-FA,_,Cs,Pbl; PSCs. Moreover, the devices
exhibited negligible contact losses and enhanced operational stability. They retained
over 95% of their initial power-conversion efficiency after operating for over 2,000 h
atthe maximum power point under 1sun, 85 °C and 60% relative humidity (ISOS-L-3).

The highest certified power-conversion efficiency (PCE) of perovskite
solar cells (PSCs) has recently reached 26.7% (ref. 8). Despite the rapid
progress in increasing the PCE, realizing the long-term operational
stability of PSCs under continuousillumination and elevated tempera-
tureremainsachallenge, hindering commercial applications. a-FAPbI,
perovskite (where FA is formamidinium) has gained much attention
for high-efficiency PSCs due to its wide range of optical absorption®°,
Notably, all state-of-the-art a-FAPbl;-based PSCs reported to date use
methylammonium chloride (MACI) as an additive to stabilize and
promote metastable a-FAPbI;. However, previous studies have iden-
tified undesired residual methylammonium in the resultant PSCs*.
These thermally unstable organic species are, thus, causing strong
concernsregarding the long-term operational stability of the devices,
even when the fraction of methylammonium inclusion is relatively
small™,

An alternative approach for producing methylammonium-free
perovskites without compromising optical absorptionis tointroduce

asmall number of Cs* cations into a-FAPbI,. Unfortunately, the highly
efficient a-FA,_,Cs,Pbl;-based PSCsreported to date similarly require
MACI additives to improve crystallinity?, which inevitably produces
methylammonium residues. Recently, the best certified PCE of
o-FA,_Cs Pbl; PSCs without the MACl additive was only approximately
24% (refs. 6,7), and substantial evidence of device longevity has yet to
bedemonstrated. Hence, further efforts are required to examine the
potential of a-FA,_,Cs,Pbl; perovskites for photovoltaic applications.

Inthis work, we discovered a significant contact loss in conventional
structured (n-i-p) a-FA,_,Cs,Pbl; photovoltaics without the MACl addi-
tive. This loss arises at the top interface between the active layer and
the hole transport layer (HTL) of a device. We observed an expansion
of the bandgap and a contraction of the lattice in the perovskite films’
top zone, indicating substantial Cs* accumulation. Through density
functional theory (DFT) calculations and device simulations, we further
identified that Cs' accumulationinduces a notable valence band offset
(AE,) at the perovskite/HTL interface. This AE, significantly limits the
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Perovskite light-emitting diodes (PeLEDs) with an external quantum efficiency

exceeding 20% have been achieved in both green and red wavelengths'5; however, the
performance of blue-emitting PeLEDs lags behind®’. Ultrasmall CsPbBr, quantum
dotsare promising candidates with which to realize efficient and stable blue PeLEDs,
although it has proven challenging to synthesize amonodispersed population of
ultrasmall CsPbBr; quantum dots, and difficult to retain their solution-phase
properties when casting into solid films®. Here we report the direct synthesis-on-
substrate of films of suitably coupled, monodispersed, ultrasmall perovskite QDs.

We develop ligand structures that enable control over the quantum dots’ size,
monodispersity and coupling during film-based synthesis. A head group (the side
with higher electrostatic potential) on the ligand provides steric hindrance that
suppresses the formation of layered perovskites. The tail (the side with lower
electrostatic potential) is modified using halide substitution to increase the surface
binding affinity, constraining resulting grains to sizes within the quantum confinement
regime. The approach achieves high monodispersity (full-width at half-maximum =
23 nm with emission centred at 478 nm) united with strong coupling. Wereportasa
result blue PeLEDs with an external quantum efficiency of18% at 480 nmand 10% at
465 nm, to our knowledge the highest reported among perovskite blue LEDs by a
factor of1.5and 2, respectively®’.

Blue perovskite emitters are readily synthesized via halide substitu-
tion to produce Cl-Br mixed perovskites®**; unfortunately, these are
susceptible to halide segregation under electric field, resulting in spec-
tral shifting™. Perovskite quantum dots (QDs) exhibit size-dependent
optoelectronic properties, enabling tuning to blue emission: CsPbBr,
QDs withsize of 3-5 nmarerequired because the exciton Bohr diameter
of CsPbBr;is 7 nm (refs. ). However, it has proven difficult to achieve
monodispersed sub-5 nm-sized QDs via traditional colloidal synthesis”.
During assembly into semiconducting solids, the surface ligands are
readily lost uponligand exchange, resulting in variable degrees of QD
fusionand further increased polydispersity®'®*, Consequently, ultras-
mall CsPbBr; QDs have yet to produce efficient blue PeLEDs.
Wereasoned that two key steps—ligand exchange and coupling dur-
ing film formation—are particularly challenging when dealing with
ultraconfined dots, leading as they do to redshift and increased emis-
sion linewidth. We therefore pursued a process that would avoid this
approach to materials processing, seeking instead to unite synthesis

and film fabrication into one step. However, to synthesize—in situ, on
arange of substrates—perovskite QD solids that are monodispersed
and suitably coupled, is notoriously challenging: the structure of the
ligands influences the dimensionality of the assembled perovskites,
producing variously three-dimensional networks, two-dimensional
(2D) quantum wells and one-dimensional chains?**, This motivated us
todelveinto howligand structure canregulate synthesis-on-substrate
(SoS) of perovskite QD films.

Webegan by noting that the ligand must be compact and conjugated
to ensureinter-dot coupling. Layered perovskite precipitation must be
prevented to provide pure cubic-lattice crystals. Further, strong ligand
surface binding affinity is necessary to constrain cubic graingrowth, a
prerequisite torealizing ananoparticle domain size that resides within
the quantum confinement regime.

As a starting point, we began with conventional PEA* (phenylethyl
ammonium) ligands, a compact and conjugated ligand. We prepared
precursor solution by mixing PbBr, and CsBr with PEA" ligands in
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Self-sustaining personal all-day thermoregulatory

clothing using only sunlight
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The human body must stay within a certain temperature range for comfort and safety. However,
challenges for thermoregulatory clothing exist for harsh application scenarios, such as full day/night
cycles, frigid polar regions, and space travel. We developed a flexible and sustainable personal
thermoregulatory clothing system by integrating a flexible organic photovoltaic (OPV) module to directly
acquire energy from sunlight and bidirectional electrocaloric (EC) devices. The flexible OPV-EC
thermoregulatory clothing (OETC) can extend the human thermal comfort zone from 22°-28°C to
12.5°-37.6°C with a fast thermoregulation rate. The low energy consumption and high efficiency of
the EC device allows for 24 hours of controllable and dual-mode thermoregulation with 12 hours of sunlight
energy input. This self-powered wearable thermoregulatory platform has a simple structure, compact
design, high efficiency, and strong self-adaptability with sunlight as the sole energy source.

lothing plays an indispensable role in

regulating body heat for preserving the

thermal comfort of our body in daily life

(). One of the most common scenarios

is to maintain body temperature within
a safe range in situations of fluctuating and
sometimes rapid changes in environmental
temperature, for instance, walking from a com-
fortable indoor environment (~25°C) to a hot
(>36°C) or cold (<15°C) outdoor environment.
Without the ability to quickly adapt to such
fast-changing environmental temperatures and
cool down or warm up, people may become
uncomfortable or sick and may even die (2).
The more challenging scenarios are to keep
our bodies in acomfortable temperature range
(skin temperature) in harsh environments, such
as frigid polar regions or space travel (which is
extremely hot in sunlight but extremely cold
in the dark). Therefore, wearable thermoreg-
ulatory clothing, capable of keeping the hu-
man body in a comfortable temperature range
(skin temperature), as a spacesuit does, has
been a long-sought but challenging goal for
smart clothing systems.

Indeed, many thermoregulatory systems have
been developed, which can be broadly classi-
fied into passive and active systems. Passive
thermoregulatory systems include radiative ther-
moregulatory systems (3-8), phase-change
thermoregulatory systems (9, 10), and adsorp-
tion thermoregulatory systems (11, 12). However,
most systems powered by solar energy with
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self-sustainability can achieve only one-way
thermoregulation (3-5, 8). The systems that
have bidirectional thermoregulation need to
improve their efficiencies, response speeds and
tunable temperature ranges (skin temperature)
(6,7, 13-15).

Active thermoregulatory systems allow for
rapid cooling or warming of the human body.
In general, cooling vests are based on coolant
circulation or water/ice fluidic channels that
allow for wearable thermoregulation; however,
these systems require large and complex me-
chanical compressors (16, 17). Although some
excellent solid-state active thermoregulatory
systems have been developed and the need for
compressors and traditional liquid or vapor
refrigerants could be eliminated, they still bear
some substantial limits. For example, although
the Joule effect heater is effective in heating
with a controlled temperature, the high power
consumption and lack of cooling capability
strongly limit its application (18-20). The thermo-
regulatory systems based on magnetocaloric
(21, 22) and elastocaloric effects (23, 24) require
a large magnetic field and high mechanical
load to realize good thermal-management ef-
fect, respectively, and thus have limited wear-
ability. Thermoelectric (TE) thermoregulatory
devices (25-28) based on the Peltier effect have
found various applications. However, these de-
vices generally exhibit low efficiency because
of their high energy consumption. In particular,
they all need extra energy input and cannot
be kept working for a long period of time with-
out additional energy. Although battery-based
thermoregulatory systems can achieve good
thermal-management performance in a short
period of time, their limited energy supply can-
not provide all-day and sustained thermoreg-
ulation for the human body (25, 27).

Therefore, developing an all-day, self-powered,
bidirectional thermoregulatory clothing sys-
tem capable of rapidly responding to various
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complex or quick environmental temperature
changes and keeping the human body in a com-
fortable temperature zone remains a challenging
goal (29). The systems must harvest energy to
achieve all-day thermoregulation. One of the more
obvious sources of sustainable energy source is
sunlight, which can be collected anywhere in
open space. Indeed, solar cells, including an or-
ganic photovoltaic (OPV) cell, have evolved sub-
stantially (30), and the state-of-the-art OPV cell
with a size of 4 mm? has a power conversion
efficiency (PCE) of >20% (31). Simultaneously,
flexible and high-performance OPV cells with
PCEs >17% (32) have been demonstrated, which
can be integrated into clothing to collect solar
energy (33, 34).

To achieve the required sustainability and
flexibility as well as light weight, the thermal-
management unit for the body must be highly
efficient in transferring energy and have a low
energy consumption. Therefore, we selected
recently developed electrocaloric (EC) devices,
which have high efficiency, low energy con-
sumption, and bidirectional thermoregulatory
properties and are pollution free (35-38). For
example, one flexible EC thermoregulatory de-
vice has a very low energy cost, could reach a
coefficient of performance of 13, and has a
specific cooling power of 2.8 W/g (35).

We choose a flexible OPV module powered
by sunlight and a high-efficiency heat transfer
EC device as the two main units to fabricate a
self-sustained thermoregulatory clothing sys-
tem. We aim to power it only by solar energy
with the capability of all-day (24 hours) cycling
between hot/light and cold/dark environments.
Our flexible OPV-EC thermoregulatory cloth-
ing (OETC) system exhibits highly efficient and
fast performance in both cooling and warming
modes as needed. Moreover, it can extend the
thermal comfort zone by 19.1 K (from 6.0 to
25.1 K) and reach intelligent and controllable
all-day dual-mode thermoregulation for the hu-
man body as needed. With the combination
of these features, the human body wearing our
OETC system can quickly adapt, as needed, to
the changes of environmental temperature dur-
ing outdoor activities and even possibly in such
as harsh environments as polar regions or per-
sonal space travel.

Results and discussion

We fabricated a large flexible OPV module
(39, 40) with a thickness of only 180 mm for the
sunlight energy—collecting unit in our OETC
system (41). The entire flexible OPV module with
an effective area of 25.2 cm? could provide a total
voltage of 5.75 V and PCE of 11.85% under stan-
dard air mass 1.5 global (AM 15G, 100 mW/cm?)
(figs. S1 to S3 and table SI).

For the thermoregulatory unit in our OETC, we
selected poly(vinylidene fluoride-trifluoroethylene-
chlorofluoroethylene) [P(VDF-TrFE-CFE)], main-
ly because of its large entropy change, large
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Control of zeolite pore interior for chemoselective

alkyne/olefin separations
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Ivan da-Silva®, Pascal Manuel®, Yonggiang Cheng®, Luke D. Daemen®, Anibal J. Ramirez-Cuesta®,
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The efficient removal of alkyne impurities for the production of polymer-grade lower olefins remains an
important and challenging goal for many industries. We report a strategy to control the pore interior
of faujasite (FAU) zeolites by the confinement of isolated open nickel(ll) sites in their six-membered
rings. Under ambient conditions, Ni@FAU showed remarkable adsorption of alkynes and efficient
separations of acetylene/ethylene, propyne/propylene, and butyne/1,3-butadiene mixtures, with
unprecedented dynamic separation selectivities of 100, 92, and 83, respectively. In situ neutron
diffraction and inelastic neutron scattering revealed that confined nickel(ll) sites enabled chemoselective
and reversible binding to acetylene through the formation of metastable [Ni(Il)(C,H,)s] complexes.
Control of the chemistry of pore interiors of easily scalable zeolites has unlocked their potential in

challenging industrial separations.

ore than 350 million metric tons of
lower olefins (ethylene, propylene, and
1,3-butadiene) are produced each year
through the steam cracking of hydro-
carbons. Separating large quantities of
chemical mixtures into purer forms accounts
for an enormous amount of global energy con-
sumption (1). To obtain polymer-grade olefins,
the by-products of alkynes (acetylene, propyne,
and butyne) in the stream must be reduced
to <5 parts per million (ppm), because these
alkynes irreversibly poison the catalysts for
polymerization (2). State-of-the-art techniques
to purify olefins are based on the partial hy-
drogenation of alkynes over supported Pd-
catalysts; however, such methods suffer from
poor selectivity and high costs (3). Emerging
porous sorbents, notably metal-organic frame-
works (MOFs), show preferential adsorption
of alkynes over olefins, suggesting alternative
adsorption-based purification processes for
ethylene (4-8) and propylene (9-11).
However, such processes have yet to be com-
mercialized because of the inherently limited
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stability and high production costs of MOFs.
Additionally, the primary physisorption mech-
anism in MOFs that drives separations results
in a trade-off between adsorption selectivity
and capacity.

Zeolites have structural robustness and low-
cost production, and they are widely used for
industrial separations on the basis of their
molecular sieving property (12), but they are
not effective for alkyne/olefin separations be-
cause these molecules have similar molecular
sizes and volatilities (13). Zeolites can act as
useful scaffolds to stabilize active metal sites
to uncover previously unidentified functions
and properties. In this work, we confine iso-
lated Ni(ll) sites into faujasite (FAU) zeolite
to achieve remarkable adsorption of alkynes
from a range of alkyne/olefin mixtures. The
strong yet fully reversible binding between
alkyne and the open Ni(ll) sites results in the
formation of metastable [Ni(alkyne)s] com-
plexes under dynamic conditions and enables
the complete removal of alkynes from olefins
(alkynes <1 ppm). The facile production and
high stability of Ni@FAU reinforce its potential
in the industrial purification of lower olefins.

M@FAU zeolites [M = Ni(l1), Cu(ll), and Zn(11)]
were synthesized from hydrothermal reactions
of mixed gels {molar ratio of SiO,:Al,03:Na,0:
M-TAPTS:H,0 =7.8:1.0:2.2:0.6:174; TAPTS =
3-[2-(2-aminoethylamino)ethylamino]propyl-
trimethoxysilane} and subsequent processing
(yield, 77 to 85%). The TAPTS ligand was used
to coordinate Ni(ll) ions for their inclusion in
the zeolite pore structure at locations that can
be difficult to access during conventional post-
synthesis ion-exchange. Similar approaches
based on (3-mercaptopropyl)trimethoxysilane
ligand have been reported to introduce metal
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sites or clusters into desirable sites of various
zeolites, showing excellent catalytic activities
(14, 15). Synchrotron x-ray powder diffraction
data confirmed that M@FAU zeolites crystal-
lize in the cubic space group, Fd3m, adopting
the FAU-topology, and there is an absence of
bulk phase of metal oxides (fig. S1 and table S1).

The homogeneous distribution of transition-
metal cations throughout the M@FAU crystals
(3 to 5 mm) were confirmed by electron micro-
scopy (figs. S2 and S3). Under ambient condi-
tions, the pores of M@FAU samples were filled
with water molecules that could be removed
completely by heating to 623 K (fig. S4). The
divalent oxidation state of the confined metal
ions was confirmed by x-ray photoelectron
spectroscopy (fig. S5), and the primary loca-
tion of confined Ni(ll) sites in FAU zeolite was
studied using density functional theory (DFT)
calculations (fig. S6) and in situ neutron pow-
der diffraction (NPD) studies.

The adsorption capacities of desolvated
M@FAU and the parent Na-FAU were first
evaluated by measuring the adsorption iso-
therms of C,H, and C,H,4 (Fig. 1A and figs.
S7 and S8). At 1 bar and 298 K, Ni@FAU,
[NilzNazo(A|44Sil4go334)], showed lower over-
all uptakes of C,H, [3.48 mmol/g; equiva-
lent to ~3.7 CoH, per Ni(ll) site] and CoHy
(2.36 mmol/g) compared with that of Na-FAU
(5.15 and 4.06 mmol/g, respectively), because of
the moderate decrease of Brunauer-Emmett-
Teller surface areas on incorporation of Ni(ll)
sites (from 710 to 531 m%/g; fig. S9). Notably,
2.0 mmol/g of C,H, uptake was recorded in
Ni@FAU at 0.02 bar, a pressure that is relevant
to the partial pressure of C,H, impurity in in-
dustrial C,H, streams. The steep C,H, uptake of
Ni@FAU at low pressure was consistent with its
higher heat of adsorption (48.6 kJ/mol) than
that of Na-FAU (21.7 kdJ/mol) and of C,H, uptake
in Ni@FAU (25.8 kJ/mol), which were deter-
mined by differential scanning calorimetry (figs.
S10 to S21, table S2, and supplementary text).

Temperature-programmed desorption (TPD)
profiles of C,H,- and C,H,loaded Ni@FAU revealed
higher adsorption uptake of C;H, (1.75 mmol/g)
than of C,H, (0.51 mmol/g) and showed de-
sorption peaks centered at 363 and 329 K, re-
spectively. When coadsorbed with an equimolar
mixture of C,H,/C,H,, the TPD profile resembled
that of C,H,-loaded Ni@FAU, and little desorp-
tion of C,H,4 was observed. Moreover, the pre-
adsorbed C,H, molecules in Ni@FAU could
be readily displaced by C,H, under dynamic
conditions (Fig. 1B). The presence of strongly
bound C,H, molecules in Ni@FAU is also con-
firmed by in situ Fourier transform infrared
(FTIR) studies at 298 K (Fig. 1C). On adsorp-
tion in Ni@FAU, n,s(CH) and ng(CH) bands of
C,H, red-shifted to 2925 and 3010 cm™, respec-
tively, compared with gaseous or physisorbed
C,H, (3100 to 3400 cm™) (16, 17), whereas no
shift was observed for adsorbed C,H,4 molecules.
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Organic and solution-processed
tandem solar cells with

17.3% efficiency

Lingxian Meng®, Yamin Zhang®, Xiangjian Wan'*, Chenxi Li*, Xin Zhang®,
Yanbo Wang?, Xin Ke', Zuo Xiao?, Liming Ding®*, Ruoxi Xia®, Hin-Lap Yip®,

Yong Cao®, Yongsheng Chen'*

Although organic photovoltaic (OPV) cells have many advantages, their performance

still lags far behind that of other photovoltaic platforms. A fundamental reason for their
low performance is the low charge mobility of organic materials, leading to a limit on the
active-layer thickness and efficient light absorption. In this work, guided by a semi-
empirical model analysis and using the tandem cell strategy to overcome such issues, and
taking advantage of the high diversity and easily tunable band structure of organic
materials, a record and certified 17.29% power conversion efficiency for a two-terminal
monolithic solution-processed tandem OPV is achieved.

rganic photovoltaics (OPV) is considered to

be a promising choice for next-generation

technology platforms to address the in-

creasing demands for renewable energy,

owing to its many advantages such as
low cost, flexibility, and large-area printing pro-
duction (1-3). Indeed, there has been substan-
tial improvement in the performance of OPV
cells in the past decade, and the record power
conversion efficiency (PCE) has been raised from
~5% to a current value of 14% (3, 4). However,
the performance of OPV cells still lags far be-
hind that of other photovoltaic platforms based
mainly on inorganic materials (2, 5, 6). This has
led to the impression that OPV cells have a lower
performance limit than inorganic material-based
devices. A fundamental reason for this is the low
charge mobility of organic materials (7, 8), which
limits the active-layer thickness of the devices and
efficient sunlight absorption.

The tandem cell strategy is an effective way to
simultaneously address these issues for OPV
cells (9, 10), and furthermore, is probably well
suited for OPV (11-15). First, the use of tandem
cells would overcome the thickness constraint
of single-junction cells due to the low mobility
of organic materials because wide and efficient
absorption could be achieved by stacking the
active layers with complementary absorption in
tandem cells. Moreover, tandem cells can take
advantage of one of the most important features
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of organic materials, i.e., their great diversity
(16, 17). This is because in tandem cells, active
organic materials in each subcell require dif-
ferent but matching band structures, and such
materials could in principle be designed and
obtained owing to the high diversity, easily tun-
able band structures, and advanced synthesis
of currently available organic materials (18). In
addition, benefiting from this, the thermaliza-
tion and transmission loss can be reduced in the
tandem cells (19). Indeed, tandem cells have also
been pursued widely for OPV, and ~14% PCE has
been achieved (11), which is about the same as
that obtained for the record single-junction cell
(4). The limited performance of organic tandem
cells is primarily due to their limited sunlight
absorption range owing to the lack of optimal
low-bandgap materials for use in the rear subcell,
as most such materials can only absorb photons
with an energy of ~1.3 eV (~900 nm) (11, 14, 20)
and thus are missing a large part of the entire
sunlight spectrum absorption. Another impor-
tant reason is the limited tandem cell current
owing to the absorption overlapping and/or cur-
rent mismatching of subcells. With the above
analysis and guided by a semi-empirical analysis,
we report a solution-processed two-terminal
(2T) monolithic tandem OPV cell with a new
record PCE of 17.36%.

On the basis of previous theoretical work
(9, 21, 22) and state-of-the art experimental re-
sults (3, 11, 14), we first have carried out a semi-
empirical analysis for the possible but realistic
PCE limit of 2T tandem OPV cells under Air
Mass 1.5 Global (AM 1.5G) (details are provided
in the supplementary materials and figs. S1 to
S3). Briefly, in this model analysis, above the basic
assumption for the Shockley-Queisser (SQ) limit
analysis (21), the achievable PCEs (= Jsc X Vo X
FF/P;., where Jg. is the short-circuit current
density, V. is the open-circuit voltage, FF is the
fill factor, and P;, is the power density of the
incident light) are obtained using the following
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approaches: (i) the Jg is assumed to be half of
the theoretical current in the entire absorption
range multiplied by a given external quantum
efficiency (EQE) value; (ii) the V. is the sum of
each subcell’s voltage, while the voltage of each
subeell is determined by the equation eV, = Eg -
Eiosss Where Eg (=1240/15nse) is the optical en-
ergy gap of the active layers (23), Ejoss IS the
energy loss, e is the elementary charge, and
Ionset IS the absorption onset of the active lay-
ers; (iii) the FF is assumed to be the state-of-the-
art value. Based on these considerations, figs. S2
and S3 give the predicted achievable PCEs of 2T
tandem cells for absorption onset (lonset) from
900 to 1200 nm, EQE in the range of 65 to 85%,
Eoss in the range of 0.4 to 0.8 eV, and FF in the
range of 0.65 to 0.80. These ranges represent
the most likely achievable ones based on the
state-of-the-art results (3, 4, 24-27), particularly
when considering the wide diversity of organic/
polymeric materials, including the recent devel-
opment of small molecules/oligomer acceptor-
donor-acceptor (A-D-A)-type donors (14, 28, 29)
and acceptors (3, 16). Extracted from these model
results and as one example, Fig. 1A shows the
achievable PCEs (14 to 28%) of the 2T tandem
cells versus lonser (corresponding to Eg) of the
rear-cell active layer, E.ss, and EQE, at a fixed
FF of 0.75. Furthermore, as shown in Fig. 1B, a
PCE of ~20% could be achieved if the lonset. rear cell
is <1100 nm with an average EQE of 75%, a FF
of 0.75, and a typical Ejss 0Of 0.6 eV, which is
consistent with other theoretical analysis (16).
From the model results shown in Fig. 1, C and
D, and fig. S3, Ejss Seems to have a bigger im-
pact on the PCEs. Also, with E,.s increasing, the
absorption onset of the rear cell (Ionset, rear ceit)
with the maximum PCE has a tendency to blue-
shift (Fig. 1, C and D) (details in the supple-
mentary materials). These modeling results also
indicate that the optimum loneet, rear cells 1-€., the
E, of the rear subcell active layer, is somewhat
smaller than the optimum one from the SQ limit
studies (of ~1127 nm) (9), probably owing to the
large E,qss Of OPV (30).

On the basis of the model analysis presented
above, we discuss the screening of materials for
use in tandem solar cells. For high-performance
2T tandem cells, various materials with wide
and suitable bandgaps have been chosen for use
in the front subcell (16). Critically, the first step
is to choose suitable or optimal rear-subcell ac-
tive materials with an infrared absorption onset
up to 1050 to 1150 nm, based on the results shown
in Fig. 1, B and C. This seemingly straightforward
task has actually proved challenging, as a re-
view of the literature (10, 20) and our previous
work (14) indicates that donor materials reported
to date with absorption onset around 1100 nm
essentially all suffer from large E,oss, and only
a few showed high J suitable for rear cells (10).
Adding to this challenge is that the performance
of these materials should also have an optimal FF
and EQE in their single-junction cell evaluation.
Fortunately, recent emerging nonfullerene mol-
ecules offer another optimal choice of rear-cell
active materials owing to the widely tunable band
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Freezing point: -121 *C

Zn metal Anode
3.5 M Mg(CIO,), + 1 M Zn(CIO, ),

PTO Cathode
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