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Peaks Position: 2dhkl sinqhkl = nl

where l is the incident beam wavelength, d and q are the distance 

between successive hkl planes and Bragg angles of reflections, 

respectively.

Diffraction Intensity: Ihkl = C|Fhkl|
2

where  |Fhkl|
2 is the hkl reflection amplitude of the diffracted X-ray, 

or neutron, or magnetic, and C is all others.

X-ray: |Fhkl |2 = |∑ fj exp(2p i (hx + ky + lz))|2 e-2W

where fj is the X-ray atomic scattering factor of atom j for X-ray.

Neutron:   |Fhkl |2 = ∑bj exp(2p i (hx + ky + lz))|2 e-2W

where bj is the neutron scattering length for atom j.

Magnetic: |Fhkl |2 = ∑qj fMj exp(2p i (hx + ky + lz))|2 e-2W

where qj and fMj are the magnetic interaction vector and the

magnetic form factor for atom j, respectively. 

X射线和中子粉末衍射峰的位置，强度和结构因子
Powder diffraction positions, intensity, and structural factors for XRPD & NPD

X-射线衍射与中子衍射具有许多共同点。峰
的位置都遵循Bragg方程:

2dhkl sinqhkl = nl

衍射峰的强度:

Ihkl =C|Fhkl|
2 

式中 C 是与晶体结构无关的参数, Fhkl 是结构因
子。
（1）在结构因子中，除了由于元素的散射因子
差异使得衍射峰强度不同外，其它与结构有关
的参数都一样。
（2）在中子衍射中，磁有序的衍射谱图是一套
独立于晶体结构的衍射图，因此磁相可作为一
个独立的相精化得到磁结构信息。

1-3. 中子粉末衍射与X射线粉末衍射

hkl



NPD data collected by BTI at NCNR with l=1.5403 Å

Better high Q intensities.

Keeps good intensity at high Q.

XRD data collected by 11b at ANL with l=0.41356 Å

Better resolution.

Intensity decreases as Q increases.

XRPD & NPD 是结构分析的有力的工具

2dhkl sinqhkl = nl Ihkl =C|Fhkl|
2 

XRD and NPD patterns for Bi4Ge3O12 compound
Sample comes from Jintai Zhao’s group



Multi-phase

Single phase with preferred orientation

Difficulty to get each reflection intensity 

due to overlaps

• Large unite cell and low symmetry;

• Sample with multi-phase;

• Poor crystalline and particle shape;

• Defect and strain;

• Instrumental resolution

• Improper experimental condition

…

衍射峰重叠严重

Single phase



*Hugo M. Rietveld

The Rietveld method.
Phys. Scr. 89 (2014) 098002 (6pp)

A Profile Refinement Method for Nuclear and Magnetic 

Structures.
J. Appl. Cryst. 2, 65-71 (1969)

Sum of the time cited: 8720+

Line profiles of neutron powder-diffraction peaks for 

structure refinement.
Acta Cryst. (1967). 22, 151-152

Sum of the time cited: 1766

Hugo M. Rietveld and  Dorothy Crowfoot Hodgkin 

(She is The Nobel Prize winner in chemistry 1964).* Chinese winner of Aminoff Preize

Mao Ho-kwang (毛河光)

2005, "for his pioneering research of 
solid materials at ultrahigh pressures 

and temperatures"

Shi Yigong (施一弓)

2014, “for his groundbreaking 

crystallographic studies of proteins and 

protein complexes that regulate 

programmed cell death”

Rietveld (峰型剖面)方法分析粉末衍射数据
Rietveld (Profile) Refinement Method for the Analysis of Powder Diffraction Data

Albinati, A., & Willis, B. T. M. The Rietveld 
method. International Tables for 
Crystallography. Vol. C, 8.6, 710-712(2006).
Young, A. (1993) Edited. The Rietveld Method. 

International Monographs on Crystallography.
5. Oxford University Press Inc., New York(1993).

爱明诺夫奖

格雷戈里·阿米诺夫奖（英语：Gregori

Aminoff Prize）是由瑞典皇家科学院于

1979年设立的国际奖项，得名于瑞典科学

家格雷戈里·阿米诺夫（瑞典语：Gregori

Aminoff） (1883-1947)，以奖励世界范围

内在晶体学领域做出重要突出贡献的科学

家，每年颁发给不超过3人。被认为是晶

体学的Nobel奖。

https://zh.m.wikipedia.org/wiki/%E7%91%9E%E5%85%B8%E7%9A%87%E5%AE%B6%E7%A7%91%E5%AD%A6%E9%99%A2
https://zh.m.wikipedia.org/w/index.php?title=%E6%A0%BC%E9%9B%B7%E6%88%88%E9%87%8C%C2%B7%E9%98%BF%E7%B1%B3%E8%AF%BA%E5%A4%AB&action=edit&redlink=1
https://sv.wikipedia.org/wiki/Gregori_Aminoff
https://zh.m.wikipedia.org/wiki/%E6%99%B6%E4%BD%93%E5%AD%A6
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Ferromagnetic phase fit only
Nuclear ferromagnetic phase

fit only

MnO phase fit only
Paramagnetic phase fit only

Rietveld方法是用在已有结构模
型的情况对模型进行精化，并不
是用来解结构的方法。
用粉末衍射数据分析晶体结

构的最大困难是如何分离部分和
完全重叠的各个衍射峰强度，
Hugo M. Rietveld提出用峰型剖面
分析方法，改连续扫描为步进扫
描收集数据，把衍射谱图数据化。
有效地解决了这一困难。如图：
（1）图（a）是含有4个物相的
中子粉末衍射谱图。
（2）根据这4个物相的已知模型
建立4条中子粉末衍射谱图（b, c,
e, d）。
（3）调整结构参数（晶胞参数，
原子位置及其分布，温度因子，
占有率等），选择合适的峰型函
数和背底函数，以及各个相的含
量，再用最小二乘法逐步进行上
述各个参数的修正，直至计算的
谱图完全拟合观察的谱图，完成
晶体结构和磁结构的精修。

1-2 粉末衍射分析结构

峰型剖面精化方法定量相分析Mn1.1Fe0.9P0.8Ge0.2
Profile Refinement for Quantitative Phase Analysis of Mn1.1Fe0.9P0.8Ge0.2



晶胞参数
(Lattice parameters)

空间对称群
(Space group,. i.e. S.G.)
定量物相分析
(Qualitative phase 
analysis)
宏观应变
(Macro-strain)
二维结构参数
(2D structural 
parameters)

磁胞参数及空间对称群
Magnetic cell & S. G.

康普顿
Compton
scattering 

结构参数
(structure parameters)

化学成分
(Composition)

原子位置
(Atomic positions)

元素分布
(Element distribution)

占有率(Occupancy)

温度因子
(Temperature factor)
织构 (Texture)
定量相分析(Quantitative 
phase analysis）

磁矩大小和方向
(Magnetic parameter)

谱仪参数
(Instrument 
parameters)

其他
（Others）

宏观应变
(Micro-strain)

晶粒尺度
(Domain size)

结构完整性
(Structure 
integrity)

磁畴尺度
(Magnetic 
domain size)

样品
Sample

来自空气，样品盒, 环镜, 等
Scattering from air, Sample

holder, surrounding …

衍射峰位置
(Position)

衍射峰强度
(Intensity)

衍射峰形状
(Shape, FWHM)

背底 (Background) 衍射峰 (Reflection)

粉末衍射谱图包含的信息
Information in powder diffraction pattern

漫散射
(Diffuse scattering) 

无定形散射
(Amorphous fraction)
晶格动力学
(Lattice dynamic)
局域结构
(Local structure)

磁无序散射
(Disordered 

magnetic scattering)

粉末衍射谱图大致包含两大部分，背底和衍射峰。
背底主要来自两部分：1）入射光束打在空气，
样品盒, 环镜, 等产生；这部分的不含我们所需
要的结构信息，因此应该尽量减少
，来自空气的散射可通过在光路上
抽真空减少空气颗粒来消除，或充
氦气来减少，
因为氦气颗
粒小。如
NIST的BT1
中子谱仪
在入射光路
中冲氦气提
高入射中子
~8%；2）来
自样品的散
射。样品的
散射则主要
有康普顿散射与样
品本身的漫散射。
漫散射由其样品中
无序部分和晶格动
力学引起。以后主
要讨论与有序结构
有关的衍射特征和
信息提取。

我们关注的是衍射峰所包含的结构
信息。重点在：1）峰位置，因为它
帮我们确定晶体结构中重复单元的

形状和大小，对称性，以及
缺陷所引起的峰位变化，如宏

观应变；而峰强则包
含结构中的化学成
分，元素位置及分
布，原子偏离平均

位置大小
（温度因子）
等等。这两
部分是利用
衍射进行结
构分析的主
体。而峰形
包含谱仪参
数以及晶体
结构不完整
部分的信息
和样品晶体
颗粒的形状
及大小。



多相混合的水泥试样



GSAS-EXPGUI: expnam



GSAS-EXPGUI: LS Controls



Phase/element fractions 

for phase no.  4

Hist Elem:      1 1 PNC                                                                                                     

Fraction :    3006.41

Sigmas   :    76.4528

Shift/esd:       0.00                                                                                                       

Wt. Frac.:    0.43946E-01                                                                                                   

Sigmas   :   0.106842E-02

Phase/element fractions 

for phase no.  2

Hist Elem:      1 1 PNC                                                                                                     

Fraction :    41322.0

Sigmas   :    0.00000                                                                                                       

Shift/esd:       0.00                                                                                                       

Wt. Frac.:    0.95605

Sigmas   :    0.00000

There are two types of

scale factors for powder

di ff rac t ion da ta . The

histogram scale, Sh, is

applied to reflections from

all phases in the sample

and the phase fraction

scale, Sph, is applied only

to reflections from the p-

th phase. These latter

scales can be used for

quantitative phase analysis

for powder mixtures.

Sh

Sph

GSAS-EXPGUI: Scaling



GSAS-EXPGUI: Powder

1. Add New histogram;

2. Set Histogram use flag;

3. Set Data Limits & 

Excluded Regions;

4. Edit background; 

5. Edit Abs./Reff.



GSAS-EXPGUI: Phase

1. Replace phase;

2. Add new phase;

3. Edit cell parameters;

4. Add new atoms;

5. Modify atoms

6. Edit x, y, z, F, and U;

7. Edit refinement flag. 



GSAS-EXPGUI: Phase-Replace



GSAS-EXPGUI: Phase-Add phase



GSAS-EXPGUI: Powder-Add New Histogram



GSAS-EXPGUI: Powder-Set Data Limits and Excluded Regions



Numer of terms can be

set from 1 to 36

Set background function and number of coefficients 

GSAS TECHNICAL MANUAL PAGE 162
GSAS-EXPGUI: Edit Background



CW profile function type 1 

Gaussian function

Rietveld and others (H.M. Rietveld, J. Appl. Cryst., 2, 65-71, 1969; Cooper & Sayer, J. Appl. Cryst., 8, 615-618, 1975; &

Thomas, J. Appl. Cryst., 10, 12-13, 1977).

GSAS TECHNICAL MANUAL PAGE 156

非对称参数
(asym)也会
影响衍射峰
的位置。

CW-Profile

GSAS-EXPGUI: Profile



CW profile function type 2 

Multi-term Simpson’s rule integration

GSAS TECHNICAL MANUAL PAGE 156

C.J. Howard (J. Appl. Cryst.,15, 615-620, 1982) of the pseudo-Voigt, F(ΔT), described by Thompson, et al. and used 

above in the second and third functions for TOF data.

由于多晶样
品的结晶颗
粒小引起的
衍射峰展宽。

CW-Profile

GSAS-EXPGUI: Profile



CW profile function type 3
The third CW profile function is a similar variation on the pseudo-Voigt function used in the second function. However, it uses a much more 

successful description of the reflection asymmetry due to axial described by Finger, Cox & Jephcoat, J. Appl. Cryst., 27,892-900 (1994) as an 

implementation of the peak shape function described by Van Laar & Yelon, J. Appl. Cryst., 17, 47-54 (1984).

GSAS TECHNICAL MANUAL PAGE 158

Type 2 Type 3

CW-Profile
GSAS-EXPGUI: Profile



(200)
FWHM=
0.443(5)

Eta=
0.72(2)

(210)
FWHM=
0.559(6)

Eta=
0.70(2)

Fit by profile #2, isotropic strain broadening Fit by profile #4, anisotropic strain broadening

(200) (210)

F

Lix Sc/Fe

Ionic radius

Li+1:   0.60

Sc+3:  0.81

Fe+3:  0.64

Fe+2:  0.76

F-1:    1.36

LY=49.94

S400=1.08 S220=6.16

GSAS TECHNICAL MANUAL PAGE 160

CW profile function type 4

Multi-term Simpson’s rule integration

GSAS-EXPGUI: Profile



CW profile function type 5

The fifth CW profile function is a modification of the third function to include generalized macroscopic strain. In place

of the six γij coefficients used in that function to describe an empirical anisotropic microstrain broadening there are a

maximum of six δij coefficients to describe an offset of each reflection position. This profile function thus becomes

useful for refinements with multiple data sets taken at a, for example, range of temperatures where the δij can describe

the effect of thermal expansion on the lattice parameters. In this case set the δij=0 for one histogram and allow them to

vary for the others.

type 5 type 3

GSAS TECHNICAL MANUAL PAGE 162
GSAS-EXPGUI: Profile



Set peak cutoff

0.05 0.005

GSAS TECHNICAL MANUAL PAGE 156

峰高的5%
视为背底

峰高的0.05%
视为背底

GSAS-EXPGUI: Profile



GSAS-EXPGUI: Powder-Edit Edit Abs./Reff-Absorption
GSAS TECHNICAL MANUAL PAGE 162



样品的吸收校正不足

*中科院物理所田正营提供数据

样品含有大量的元素Tb和Co，室温中子数
据在中国散裂中子源高分辨中子通用粉末
衍射仪(GPPD)上收集。

GSAS-EXPGUI: Powder-Edit Edit Abs./Reff-Absorption



样品的吸收校正恰当 CW-N

TOF-N

GSAS-EXPGUI: Powder-Edit Edit Abs./Reff-Absorption



样品的吸收校正过头GSAS-EXPGUI: Edit Background-Absorption



GSAS-EXPGUI: Constraints



Qingzhen Huang

China Spallation Neutron Source

Carbon Content and Temperature Dependence of the Tc and 

Structure Parameters in the Non-oxide Perovskite 

Superconductor MgCxNi3

He T., Huang Q. Z., et al., Nature. 411, 2001, 54-56.

MgCxNi3



1-4. 中子粉末衍射研究结构和性能关系

Tc vs C content for MgCxNi3

C1.05

C1.0

C0.95

C0.9

C0.85

C0.8
Structure of 
Perovskite 

ABX3

MgCxNi3

Nominal 

compositio

n

面心立方的四面体间隙及空间排布



Neutron diffraction pattern of MgCxNi3

MgCxNi3
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Decreasing of the x-ray atomic 

scattering factor decreases the 

intensities of reflections in 

higher angle range.

MgCxNi3

1-4. 中子粉末衍射研究结构和性能关系

Constant neutron scattering length gives stronger 

intensities in higher angle range.

Ne(Mg):Ne(C):Ne(Ni) 0.429:0.214:1

b(Mg):b(C):b(Ni) 0.522:0.646:1

C Mg Ni

X-ray  # 6 12 28

Neutron b

0.665 0.583 1.03

X-ray: |Fhkl |2 = |∑   fj exp(2p i (hx + ky + lz))|2 e-2W

Neutron:      |Fhkl |2 = ∑  bj exp(2p i (hx + ky + lz))|2 e-2W

MgCxNi3
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1-4. 中子粉末衍射研究结构和性能关系

Differences in Intensities
MgCxNi3



MgC0.978Ni3, Tc=7.30 K
MgCxNi3



   Phase Fraction (%)  a (Å)    

xnominal Tc (K) xneutron I II III  I II 2 Rp(%) Rwp(%) 

1.25 7.30 0.978(8) 98.0 0.0 2.0  3.81221(5) - 1.191 4.49 5.95 

1.05 6.59 0.968(4) 97.3 0.0 2.7  3.81207(2) - 1.166 3.32 3.84 

1.0 6.49 0.970(5) 96.8 0.0 3.2  3.81060(2) - 1.174 3.79 4.76 

0.95 6.30 0.965(5) 98.5 0.0 1.5  3.80990(2) - 1.413 4.15 5.36 

0.9 3.38 0.906(5) 100 0 0.0  3.80014(2) - 1.612 4.28 5.53 

0.85 3.51 0.907(6) 64.0 34.6 1.4  3.80147(5) 3.78844(23) 1.311 4.13 5.31 

0.8 <1.8 0.887(7) 58.5 38.0 3.5  3.79515(5) 3.77802(25) 1.690 3.85 4.89 

 

Table. Structure Information of the MgCxNi3 Sample
MgCxNi3



TC=8 K

B site vacancy effect

1-4. 中子粉末衍射研究结构和性能关系

Tc vs C content
MgCxNi3



Plot of Tc as a Function of Carbon Content x in MgCxNi3

MgCxNi3



No Detectable Structural Transition Observed

Between 2 and 300 K for MgCxNi3

MgCxNi3
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在室温，右图中所示的温度因子
U11(Ni)随着C的占有率减少而增大，说明
当产生C缺位时，近邻Ni向邻近的C原子
位移，如上图。

1-4. 中子粉末衍射研究结构和性能关系

MgCxNi3中C的占有率引起的温度因子变化
Variation of the Temperature Factors as a Function of Carbon Content x for MgCxNi3

MgCxNi3
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* Perovskite phase stability range 0.88 < x < 1.0 for MgCxNi3.

* Tc monotonically decreases with decreasing x.

* Carbon vacancy affects the position of the Ni atoms.

* No detectable structural transition and magnetic order.

MgCxNi3

Summary



结构精化中反常的温度因子与结构的相关性
Correlation between abnormal temperature factors and structure in structure refinement

(a) Bi与 fi (bi, qi) 成正比：因此

当结构中某个结晶学位置上有

空位，或被散射因子小的元素

占有， 即是该位置的散射本领

偏小，这时Bi 减小，可以考虑占

有率或占位问题；

(b) 与原子位置的位移相关：

原子位置偏离，或静态位移，

或劈裂；

(c) 与原子动态位移有关：配位

多面体，低键联， 轻元素，各

向异性环境等等;

(d) 与物性有关：声子振动等。

1-4. 中子粉末衍射研究结构和性能关系

Nix

N

Mn

xNi BISO(Å2)

0.6 -0.43

1.0 0.99

1.4 1.82

|Fhkl |2 = |∑  bj exp(2p i (hx + ky + lz))|2 e-2W



W. M. Li, et al. Journal of Superconductivity  and Novel Magnetism (2020) 33:81–85 ;  W. M. Li, et al. PNAS, 116, 12156, (2019).

Temperature dependence of field-cooling

(FC) dc magnetic susceptibility of Ba214

and optimum doped La1.85Sr0.15CuO4.

探询Ba2CuO4-x 比La1.85Sr0.15CuO4 的超导温度高出33K的原因，了解其晶体结构异同能够提供有力的信息。

大各向异性温度因子与原子位置的静态位移和占有率
Strong Anisotropic Temperature Factor Associated with Atomic Shift and Occupancy 

Table 1. Refined structure parameters using three different models

for Ba2CuO4-x at 6 K. Space group I4/mmm (#139), atomic position:

Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 z); O(2): 4c (0, ½, 0);

O’(2): 8j (x, ½, 0); O(11): 4e (0 0 z); and O(12): 4e (0 0 z).

Model I. Isotropic temperature and full occupation. 

a =b = 3.9931(2) (Å), c = 12.921(1) (Å)

Atom z n 100×Uiso (Å
2)

Ba 0.3570(5) 1 -1.1(2)

Cu 0 1 -0.5(2)

O(1) 0.1453(4) 1 0.9(2)

O(2) 0 1 9.9(4)

RWP = 5.03%, RP = 3.97%, 2 = 2.200

O(2)的温度因子大暗示其占有率
或/和偏离现有的位置

Ba

CuO6



Table. Refined structure parameters using three different models for Ba2CuO4-x at 6 K. Space group I4/mmm (#139),

atomic position: Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 z); O(2): 4c (0, ½, 0); O’(2): 8j (x, ½, 0); O(11): 4e (0 0 z);

and O(12): 4e (0 0 z).

Model II. Isotropic temperature. 

a =b = 3.9931(2) (Å), c = 12.921(1) (Å)

Atom z n 100×Uiso (Å
2)

Ba 0.3580(4) 1 0.3(1)

Cu 1 0.7(2)

O(1) 0.1436(4) 1 2.3(2)

O(2) 0.58(2) 3.6(4)

RWP = 4.37%, RP = 3.47%, 2 = 1.665 

Model II 的结构中O(2)有
42%的空位，但O(1)和
O(2)的各向同性温度因
子偏大，这可能是由于
空位引起原子位置的静
态位移。

Model III. Anisotropic temperature. 

a = b = 3.9932(2) (Å), c = 12.919(1) (Å)

Atom z n U11 (Å2) U22 (Å2) U33 (Å2)

Ba 0.3576(4) 1 0.2(2) =U11 0.9(4)

Cu 0 1 1.8(3) =U11 0

O(1) 0.1446(4) 1 1.6(2) =U11 4.7(5)

O(2) 0 0.58(2) 13(1) 2.2(7) 0          

RWP = 4.19%, RP = 3.29%, 2 = 1.532

Ba

Cu

O(1)

O(2)

Model III 各个原子位置的
各向异性温度因子的精修
结果，R因子有了明显减
小。其中BaO层的Ba原子
和O(1)的U33明显偏大，而
CuO2层中的Cu原子和O(2)
的U11也明显偏大。



Table. Refined structure parameters using three different models for Ba2CuO4-x at 6 K. Space group 

I4/mmm (#139), atomic position: Ba: 4e (0 0 z); Cu: 2a (0 0 0); O(1): 4e (0 0 z); O(2): 4c (0, ½, 0); 

O’(2): 8j (x, ½, 0); O(11): 4e (0 0 z); and O(12): 4e (0 0 z). 

Model IV. Oxygen atoms splitting. RWP = 4.16%, RP = 3.26%, 2 = 1.511

a = b = 3.9932(2) (Å), c = 12.919(1) (Å).

Atom x z n Uiso (Å2) U11 (Å2) U22 (Å2) U33 (Å2) ×100

Ba 0 0.3577(4) 1 0.0 =U11 0.9(3)

Cu 0 0 1 1.8(3) =U11 0

O(11) 0 0.132(1) 0.5 1.5(2)

O(12) 0 0.157(1) 0.5 1.5(2)

O’(2) 0.077(4) 0 0.297(8)  0.8(5)

Cu

O12

O11

O2

Ba

Model IV 的结构中O(1)以及Cu和O(2)各沿着
向U33和及U11的方向劈裂成两个位置，如上

图所示。



Ba-O1: 2.751(6) Cu-O1: 1.868(5) × 2; 

2.8238(2) × 4 Cu-O2: 1.9967(1) × 2.4

Ba-O2: 2.715(4) × 2.4

V(Cu2+-O11)=0.920× 2=1.84

V(Cu2+-O12)=0.387× 2=0.774

V(Cu1+-O11)=0.728× 2=1.456 

V(Cu1+-O12)=0.307× 2=0.307

V(Cu2+-O2)= 0.398×2.4=0.955

V(Cu1+-O12)=0.315×2.4=0.756

V(Cu2+)=2.217

V(Cu1+)=1.711 

温度因子反映原子位置的静态位移和占有率

The ratio between the bond lengths of in-plane Cu–O and

copper apical oxygen of heavily over doped cuprates

Cu0.75Mo0.25Sr2YCu2O7.54 (Mo-Y123), monolayer CuO2 (Mono-

CuO2), and Sr2CuO4-δ (Sr214), compared with Ba214.

晶体结构研究发现Ba214与其它214等在结构

上最大的不同是氧八面体沿着c方向被压缩， 使

得在面上的Cu-O键长比顶端的Cu-O键长更长。

}
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O11
O12

a) Dumbbell b) Square plane c) Octahedron

d) Tetrahedron e) Pyramid

f) Pyramid

1.71
2.03

2.02

2.03

2.02

Cu

Ba

O2

Crystal structure and possible Cu-Ox polyhedron in Ba2CuO3.2

c VBVC=1.84-0.774
VBVC-A=1.2

VCu=3.034-1.968, Vch =3+
VBVC-A=2.472

VBVC=3.432-2.366, Vch =4+
VBVC-A=2.896

VBVC=2.636-1.57, Vch =2+
VBVC-A=2.048

VBVC=2.636-1.57, Vch=2+
VBVC-A=2.048

Disordered 
structure

Possible polyhedron



N.E.Brese and M.O’Keefe. Bond-Valence Parameters for Solids. Acta Cryst., B47, 192-197(1991)

CuIII-O, R=1.724; CoIV-O, R=1.75; FeIV-O, R=1.78; 

NiIII-O, R=1.68;  NiIV-O, R=1.72

Recommended bond-valence parameters for oxides, fluorides and chlorides

根据实验测得的键长，用表中的数据计算离子的价态
Vi= jvij, vij=exp[(Rij-dij)/b], e=2.71828, b=0.37, dij is bond distance





Oxygen dependence of the crystal structure of 
HgBa2CuO4+d

and its relation to superconductivity

Q. HUANG, J. W. LYNN, Q. XIONG, AND C. W. CHU，Oxygen dependence of the crystal structure of HgBazCuO4+z and its 
relation to superconductivity.  PRB, VOL. 52, NUMBER 1 1, JULY 1995-I



a)
b) c)

d)

以图a的HgBa2CuO4+x的结构为
基础，在c轴方向叠加图b和c
的平面构成图d的三维层状结
构层状汞系铜基高温超导系列
化合物 HgBa2Can-1CunO(2n+2)+x

是。最高超导温度达到133 K.
如图所示的电荷转移示意。当
HgOx层的X=0时，化合物不超
导。因此，准确测定HgOx层
中的O的占有率是研究化合物
结构与性能的关系的关键。电
荷转移可以用半经验方法计算
Cu的价态得以估计。同时可以
根据层间距估计化合物晶胞c

轴的长度。 P4/mmm

HgBa2Can-1CunO(2n+2)+x

HgBa2CuO4+d

层状汞系铜基高温超导体
HgBa2Can-1CunO(2n+2)+x结构分析



HgBa2CuO4+d

Rietveld refinement profile of 

the neutron powder diffraction

data obtained on the as-

prepared sample of 

HgBa2CuO4+d at 296 K. The 

observed data are represented 

by the points (+ ), and the 

refinement by the solid curve.

The positions of the Bragg peaks 

are also indicated. The 

difference between the 

observations and the calculated 

profile is shown at the bottom of 

the figure.

Oxygen dependence of the crystal structure of HgBa2CuO4+d and its relation to 
superconductivity



Q. HUANG, J. W. LYNN, Q. XIONG, AND C. W. CHU，Oxygen dependence of the crystal structure of HgBazCuO4+z and its 
relation to superconductivity.  PRB, VOL. 52, NUMBER 1 1, JULY 1995-I

d=0, O(3) 位置空缺
化合物不超导

HgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d and its relation to 
superconductivity



FIG. 8. (a) The ratio B33(Ba)/B11(Ba) plotted versus oxygen content d. (b) The behavior of Tc vs d and Tc vs hole
concentration. The solid points are from this study, while the triangles are taken from Ref. 15. The solid curves are
simply a guide to the eye for the neutron data; parabolic fits to the Tc vs hole concentration are given in Ref. 15.

HgBa2CuO4+dHgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d and its relation to 
superconductivity



HgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d

and its relation to superconductivity



(a) Lattice parameters.

(b), (c) selected bond distances, 

versus the oxygen content 5.

(d) Structure of which shows 

that the Ba atoms shift toward 

the O(3) as d increases.

(a) (b)

(c)

(d)

O(2)

HgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d and its relation to superconductivity



Distance of the Ba ion (z coordinate) from the O(1) and O(2) planes of oxygen ions, 

showing that the Ba ion moves towards the Q(3) site with increasing 5.

O(2)

HgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d

and its relation to superconductivity



(a) The parent compound structure HgBa2CuO4 where no oxygen on the Hg layer. (b) Two-site model 

[Ba(1) and Ba(2)] for the Ba ions in HgBa2CuO4+d, (c) the section of a=1/2 (or 6 =1/2). When the O(3) 

site is occupied, the Ba moves away from the Cu layer and towards the Hg layer.

HgBa2CuO4+d

Oxygen dependence of the crystal structure of HgBa2CuO4+d

and its relation to superconductivity



Vi= jvij, vij=exp[(Rij-dij)/b], e=2.71828, b=0.37, dij is bond distance

HgBa2CuO4+d Oxygen dependence of the crystal structure of HgBa2CuO4+d

and its relation to superconductivity
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6.1. Survey of computer programs for powder diffraction

C. J. Gilmore, J. A. Kaduk and H. Schenk
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