结构复现揭露疑点？浙江省人民医院胸外科研究陷‘论文工厂’风波
学术深瞳2025-04-22 08:48:53广东
近日，《Inorganica Chimica Acta》期刊2024年发表的食管癌治疗研究‘Copper complex@Paclitaxel: A new dual-functional fluorescent-responsive composite material and treatment on esophageal cancer cells’ 铜配合物@紫杉醇：一种新型双功能荧光响应复合材料及其对食管癌细胞的作用（doi: 10.1016/j.ica.2024.122192 ）陷入学术争议。该研究由Peilin Zhu , Zhuonan Meng , Pengcheng Chen , Shuping Chu , Bin Wang , Cheng Chen（通讯作者）共同完成，通讯单位为浙江省人民医院肿瘤中心胸外科。
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2025年4月评论人Sylvain Bernès指出：
请允许我详细解释一下论文工厂是如何制造看似“合法”的单晶X射线结构数据的。本文以《Inorganica Chimica Acta》发表的一篇包含Cu(II)配合物结构的文章为例，我认为是一个很好的说明。任何经常使用 SHELXL 和 OLEX2 的结构化学研究者，都可以复现下面所描述的每一个步骤。
1. 关于该 Cu(II) 配合物结构：
该 Cu(II) 结构已被提交至 CCDC，编号为 2165406 / VUDJEN。然而，未提供结构因子（structure factors）。考虑到该结构发表已经超过一年，这本身就是一个非常、非常严重的警示信号。
2. 检索晶体结构数据库（CSD）：
在 CSD 中使用晶胞参数（该结构为 P-1 晶系）进行搜索发现：一个几乎相同的化合物，但其中金属中心为 Zn(II)，早在 2021年已发表于《Journal of Solid State Chemistry》。该结构的 Cif 文件（包括结构因子）可以获得，编号为 CCDC-2040743 / EVORUF。
EVORUF 的晶胞参数与 VUDJEN 不同，但相似。
3. 对比两个 Cif 文件后发现：
对比两个 Cif 文件，揭示了很多信息。
首先，这两个晶体用于衍射的数据中，晶体尺寸完全一致。这或许是巧合，但已经值得注意。
更令人担忧的是：Zn(II) 的结构（EVORUF）包含一个失序区域。具体来说，不对称单元中的一个三唑环在两个位置上失序，占据比为 0.64:0.36。
在精修这个失序结构时，作者使用了一套非常具体的约束参数（共 22 个），用于键长与环平面性控制（在 SHELXL 中用 DFIX 和 FLAT 命令实现）。
然而，Cu(II) 配合物的结构精修，使用了完全相同的一套约束参数。不仅命令完全一致，标准偏差（standard deviations）也完全相同，甚至对失序三唑环的标号系统也一样。
这一切很难被解释为巧合。
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4. 现在，Cu(II) 结构与原始的 Zn(II) 结构在许多实验参数上存在差异：收集到的反射数 / 独立反射数 / 可观察反射数、R(int)、精修残差（R residuals）等。这是因为使用了来自 Zn(II) 结构的结构因子，但数据分辨率不同，为 0.84 ?，而原始数据集为 0.74 ?。要复现这场造假，我们只需要按如下步骤操作：
· 使用已公开的结构因子（EVORUF 中提供）对原始 Zn(II) 结构进行精修；
· 在模型中将 Zn 替换为 Cu，并根据伪造 Cu(II) 结构 VUDJEN 的晶胞参数修改晶胞参数；
· 将数据分辨率降低到 0.84 ?（在 SHELX 中使用命令 SHEL 100 0.84）；
· 进行精修。由于分辨率已被修改，因此应优化加权方案（weighting scheme）。需要注意的是，失序部分的占据率是通过自由变量（FVAR）定义的，因此这些占据率也将被精修；
· 在精修收敛后，将所生成的 Cif 文件与发表在《Inorg. Chim. Acta》文章中附带的伪造 Cif 进行比较。此时，所有参数完全一致。
换句话说，这种造假是可以复现的。
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值得注意的是，失序三唑环的原子占据率也被还原出来了。
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5. 最后，结构部分通常会进行描述。这通常通过一个拙劣的改写来完成，并且结构参数并不会根据新的精修结果进行更新。这就导致出现荒谬的几何参数，例如 Zn—N 和 Cu—N 的键长完全相同（见下图）。这样的改写还经常包含“奇怪的用词”。在本例中，“三角双锥配位构型（triangular bipyramid coordination configuration）”被改写为“三角双锥配位骨架（triangular biconical coordination skeleton）”。
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消息来源：
https://pubpeer.com/publications/094CE5A732B855E80619BD0D3B6EE7#0
如需论文查重，请联系QQ号3953278353
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Complex 3 crystallizes in triclinic system P-1. The asymmetric unit of
3 contains one and half Zn(Il) ions, one and half dttpa®" ligands, one
phenanthroline ligand, one coordinated water molecule and one free
water molecule. As shown in Fig. 4a and b, Zn(Il) ions display two
different polyhedra (octahedral and triangular bipyramid, respectively).
Zn1 locates at inversion center and coordinates with two O atoms from
carboxylate (03 & 03%i = -x, 1-y, 1-2), two N atoms from triazole (N4 &
N4% i = ~1+4x, y, 7 iii = 1-x, 1-y, 1-2) and two O atoms from water
molecules (07 &07"). The bond distances of Zn1-03, Zn1-07 and Zn-N4.
are 2.092(2), 2.141(2) and 2.162(2) A, respectively. As depicted in
Fig. 4b (left), the [ZnN,04] geometry presents slightly distorted octa-
hedral configuration. While as drawn on the right side of Fig. 4b, Zn2 is
five-coordinated by two N atoms from phen (N10 & N11), two O atoms
from two carboxyls (01 & 03) and one N atom from triazole group. The

three equatorial bonds distances of Zn2-01, Zn2-05 and Zn2-N10 are
repecthels. Andthe two vl
bond lengihs of Zn2-N5 and ZW2NI1 are[2.175(2) and 2160(2) 4]
respectively. Thus, the [ZnN20s] moiety displays a triangular bipyramid
coordination configuration. And the two different polyhedra are alter-
nately connected via [11 1] direction to forma 1D chain. The 1D chain is
connected by the para-triazole of ligand to form the 2D network. In
complex 3, the main ligand dttpa”" exhibits two coordination modes of
a-(")-'N-(n")x"N and pa-(n')-(n") (seeing in Fig. 1).

Inorg. Chim. Acta

CP1 created the crystal in P-1 with triclinic system. Its fundamental
building part contained 0.5 and a single ligand of dttpa®", 0.5 and single
Cu(ll) ions, a phenanthroline, and a coordinated and a free molecule of
H20. Fig. 1a shows that Cu(ll) ions revealed two distinct polyhedra
(namely, octahedral and triangular bipyramid). The Cu(I) ion was
located in the inversion core, which coordinates to N4* and N4¥ atoms
1-x, 1-y, 1-2), 03, and 03! atoms on

the carboxylic acid (i = —x, 1-y, 1-2), together with 07" and 07 atoms
existing in the HpO molecules. The geometry of [CuN;04] exhibited a
slightly twisted octahedral architecture, Cu2 was five-coordinated
through N10 and N11 atoms coming from phen, 03, and O1 atoms
derived from two carboxyls and a N atom in the triazole group. For the
Cu2-01. Cu2-05,_and Cu2-N10 bonds, the distances were[T.973(2)]
[2.0002); and 2.057(2) A] respectively. For Cu2-N3 and Cu2-N11, the
Vertical bond distances wer respectively. Asa
result, the [CuNOs] part exhibited a triangular biconical coordination
skeleton. In CP1, the main dttpa® possessed two coordination manners,
namely, po-(D-(n") and pe-(D-x'N-NDx'N (Fig. 1b). Two distinet
polyhedrons were crossly connected via dttpa® to establish one-
dimensional chains through the [111] direction. This one-
dimensional chain was connected through the para-triazole of the
ligand to create two-dimensional net (Fig. 1c). From the perspective of
topology, the CP1 smlcl%:m be simplified as_a 2D_three-nodal

(3,4,4)-linked {4.6"2}2{4" 2(4.4.672) topology stiticture {Fig ).
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Structure CCDC-EVORUF / 2040743 Structure published in Inorg. Chim. Acta

Refined with cell parameters of CCCD: VUDJEN / 2165406
CCDC-VUDJEN / 2165406, with Zn Deposited on 08/04/2022 by "B"
substituted by Cu, and data resolution Structure factors available? No

limited to d=0.84 A

a — 7] *2165406.cif: Bloc de notas - o
Archivo Edicién Formato Ver Ayuda Archivo Edicion Formato Ver Ayuda
_chenical_fornula_sun *C60 HA2 Cu3 N22 016° _chemical_formula_sum *C60 HA2 Cu3 22 O16°

| _expt1_crystal_size_max
Zexptl_crystal_size_mid

| Zexptl_crystal_size_min

| _diffrn_reflns_av_R_equivalents
Zdiffrn_reflns_av_unetl/netl

|

| _diffrn_reflns_limit_h_mex 12

| diffrn_reflns_limit_h_min 12
Zdiffrn_reflns_limit_k_max 14
| _diffrn_reflns_limit_k_min -14
Zdiffrn_reflns_limit_1_max 15

_exptl_crystal_size_max
Zexptl_crystal_size_mid
Zexptl_crystal_size_min

_diffrn_reflns_av_R_equivalents
Ffrn_reflns_av_unetT/netl

| Zdiffrn_reflns_linit 1 min 15

|

_diffrn_reflns_number 11017 11017
|_reflns_number_gt 4069 _reflns_number_gt 4069
| Zreflns_number_total 4990 “reflns_number_total 4990
| _refine_1s_number_parameters 509 _refine_ls_number_parameters 509

| “refine_ls_number_reflns 4990 Trefine_ls_number_reflns 4990
refine_ls_number_restraints 22 Trefine_ls_number_restraints | 22

_refine_1s_R_factor_all
| refine_1s_R_factor_gt

| Zrefine_1s_wR_factor_gt
| —refine_1s_wR_factor_ref

_refine_1s_R_factor_all
_refine_1s_R_factor_gt
_refine_1s_wR_factor_gt
_refine_ls_wR_factor_ref

< <

Linea2, columna 1 100%  Windows (CRLF) U Linea 21, colurna38) */100% . Windows (CRLF)/\. UFF-8




image4.png
Structure CCDC-EVORUF /2040743

Refined with cell parameters of

CCDC-VUDJEN / 2165408, with Zn

substituted by Cu, and data resolution

limited to = 0.84 A

C9A C ©.7931(13) 0.3930(12) ©.7240(8) ©.045(3) Uani|e.58(3)
C16A C 0.6796(6) 0.5275(11) ©.6148(9) ©.034(3) Uani|e.58(3)
NSA N ©.6631(16) 0.3944(13) ©.7805(8) ©.652(3) Uani)0.58(3

€98 C ©.7829(14) 0.3697(9) 0.6961(15) ©.629(3) Uani[0.42(3)
C168 C 0.6862(9) 0.5439(9) 0.6425(16) 0.033(4) Uani
NSB N ©.6552(12) 0.3681(7) ©.7482(16) ©.636(3) Uani|0.42(3

010 0 ©.1065(3) ©.7530(2) ©.0477(3) 0.0822(9) Uani 11d D .

TvvTTT
B
N R e

Structure published In Inorg. Chim. Acta
CCCD: VUDJEN / 2165408

Deposlted on 08/04/2022 by "B"
Structure factors available? No

C9A C ©.7931(13) 0.3930(12) ©.7240(8) ©.845(3) Uani[0.58(3)[1d D . . A 1
C16A C 0.6796(6) 0.5275(11) ©.6148(9) ©.634(3) Uani[0.58(3)[1d D . . A 1
NSA N ©.6631(16) 0.3944(13) ©.7805(8) ©.652(3) Uani[0.58(3)[1d D . . A1
€98 C ©.7829(14) 0.3697(9) 0.6961(15) ©.029(3) Uani [6.4 1dD..A2
C168 C 0.6862(9) 0.5439(9) 0.6425(16) 0.033(4) Uani 1dD..A2
NSB N ©.6552(12) 0.3681(7) ©.7482(16) .636(3) Uani[0.42(3)[1d D . . A 2

010 0 ©.1065(3) ©.7530(2) 0.0477(3) 0.0822(9) Uani Il d.D.ce . oo




