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Abstract

This chapter introduces descriptive and inferential statistics through
the concepts and tools used to organize, summarize, interpret, and
draw conclusions from data. It distinguishes populations, samples,
variables, and data types before presenting tables, distributions, and
displays that reveal basic characteristics of observations. Selection
of a statistical method is related to the nature of the data and the
research question.

Measures of central tendency, including the mean, median, and
mode, are examined alongside measures of dispersion. Formulas
and examples clarify what each measure describes and what may
be obscured when it is used alone. The chapter then addresses
inferential procedures, including estimation, confidence intervals,
hypothesis testing, and significance levels. These procedures
connect sample information with uncertainty in judgments about a
population.

Calculation is consistently linked to interpretation. A numerical result
must be considered in relation to test assumptions, sample size, and
data collection procedures. The discussion distinguishes description
of available observations from generalization and cautions against
conclusions exceeding the information supplied. Examples, tables,
and equations provide an educational foundation for students and
researchers organizing quantitative analysis. The chapter concludes
that description and inference are complementary in understanding
phenomena. It emphasizes the need to distinguish statistical
significance from scientific interpretation, to make analytical
procedures explicit, and to preserve the limitations attached to the
conclusions. The contribution is an introduction to statistical
reasoning rather than a report of a new empirical dataset.
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Abstract

This paper examines fresh spectral radius and norm limits for
bounded linear operators which operate in semi-Hilbertian spaces
that emerge from fixed positive semi-definite operators which define
the inner product structure. The extension of classical Hilbert space
structures constitutes semi-Hilbertian spaces which attract
increasing research interest in modern functional analysis. The
paper introduces basic concepts of operator theory in semi-
Hilbertian contexts focusing on their algebraic and geometric
properties. The combination of improved inner product tools and
operator inequalities leads us to derive precise upper and lower
boundaries for the spectral radius of bounded linear operators. New
norm inequalities show how operator norm and semi-inner products
interact while displaying the connections to the metric given by the
semi-definiteness of the operator. The proposed research findings
transform into stability assessments for iterative methods and
spectral examinations of differential operators. The derived bounds
show superior performance compared to traditional limits on the
Hilbert spaces through a comparative analysis thus delivering
enhanced operational value.

Keywords: Bounded operators; Semi-Hilbertian spaces; Spectral radius; Norm
estimates; Stability analysis

1. INTRODUCTION

Operator theory along with functional analysis heavily depends on
bounded linear operators since these operators exhibit wide-ranging
applications and show predictable analytical characteristics. The
spectral radius of a bounded linear operator T on a normed space
achieves its maximum value through the supremum of absolute

values from its spectrum to explain T's long-term behavior of
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iterates. The operator norm |IT|| serves as a fundamental size
measurement of operators especially when analyzing convergence

and stability.

Standard Hilbert spaces together with their standard inner product
systems form an ideal environment to study such operators. The
structure of semi-Hilbertian spaces or A-Hilbert spaces provides a
generalization when operators use inner products derived from fixed
positive semidefinite operators A instead of the standard inner
product. In recent years this framework gained significant interest
because it solves diverse weighted and anisotropic system problems
(Feki, 2020; Bhunia, Feki, & Paul, 2021; Alomari, 2020). Both
theoretical research requirements and practical utility contribute to
the interest in semi-Hilbertian spaces spectral radius and norm
estimate analysis. A semi-Hilbertian setting does not receive direct
applicability of conventional radius and norm inequality theories. The
analysis requires multiple existing tools and results to be thoroughly
reviewed or reformulated according to Gao, Kittaneh, & Liu (2024)
and Majumdar & Johnson (2024). The analysis of quantum
mechanics specifically for non-Hermitian and quasi-Hermitian
quantum theories (KrejCifik, Lotoreichik, & Znojil, 2018) and for
solving partial differential equations and iterative numerical scheme
analysis (Chandra Rout, Sahoo, & Mishra, 2021; Mabrouk &
Zamani, 2023) requires such practical investigations. During recent
years substantial advancements took place in the investigation of

operator inequalities together with numerical radius evaluations
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within  Hilbert spaces along with semi-Hilbertian spaces.
Researchers have identified diverse generalizations through their
work on A-numerical radius, A-Berezin number and A-norm
inequalities (Alomari, Bakherad, & Hajmohamadi, 2024; Altwaijry,
Dragomir, & Feki, 2023; GURDAL & Basaran, 2022). Feki (2022)
delivered important results regarding A-spectral radius inequalities
as well as Qiao, Hai, and Bai (2022) who established functional

applications for A-norm inequalities.

These contributions have not filled all known gaps. Specific
estimates in semi-Hilbertian spaces for spectral radius and operator
norms require additional refinement according to the literature. The
relation between semi-inner product structures with their linked
operator inequalities remains an area that requires further
characterization according to Abbas, Harb, and Issa (2022), Aljawi,
Feki, and Taki (2024) and Taki and Kaadoud (2023). The
relationship between these estimates and classical Hilbert space
results has received insufficient assessment (Jena, Das, & Sahoo,
2023; Rani & Patra, 2025). The paper solves these gaps through
new restrictive bounds for spectral radius and norm specifications of
bounded linear operators in semi-Hilbertian spaces. Our key

contributions include:

The paper develops fresh upper and lower spectral radius
constraints for A-bounded operators by implementing sophisticated

inner product methods.
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The study introduces norm inequalities that utilize operator
matrix structures together with semi-inner product properties

(Daptari, Kittaneh, & Sahoo, 2025; Sahoo & Behera, 2025).

Application of the established results to the stability analysis of

iterative algorithms and the spectral study of differential operators.

Our work shows that existing Hilbert and semi-Hilbertian
results are generalized and improved through our approach

(Guesba, Bhunia, & Paul, 2023; Zamani et al, 2021).

The progress in understanding operator behavior within generalized
inner product settings enables new application possibilities in
mathematical physics and numerical analysis. We present a step-
by-step logical diagram showing the structure of our analytical
framework in the following flowchart. A set of definitions for semi-
Hilbertian spaces and operator theory basics forms the fundamental
elements of this framework which develops through spectral and
norm estimate derivations toward applied results and comparison

assessments.
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Figure 1: Analytical Framework for Spectral Radius and Norm Estimation in
Semi-Hilbertian Spaces

2. PRELIMINARIES

2.1 Definitions and Notation

Let H be a complex Hilbert space with the standard inner product
(-,-). A bounded linear operator T:H—H satisfies the property that for
all xeH and for some constant C>0, it holds that [[TxII<CIx|l. The
operator norm of T is then defined as

ITI= sup{llxll= 1} I TxI (1)
Emphasizing in general terms, the spectrum o(T) of boundedly
linear operator T is defined by complex numbers A such that T-Al is

not invertible. The spectral radius of T is given by the following:

r(T) = sup {14+ 1 € o(T)} 2
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A semi-Hilbertian space is a vector space H provided with semi-
inner product (,)A=(A,), where A is a fixed positive semi-definite
bounded linear operator on H.

Ixll _A = (Ax,x),x € H (3)
The associated semi-norm is defined as When A is really positive

(invertible), (H,(,)A) is a Hilbert space; otherwise, it remains a semi-
inner product space because it does not have sufficient

completeness or strict positivity.

2.2 Examples

Example 1:
Let H=C2 with the usual inner product. Define
A=1]10 00] (4)
Then (x,y)A=(Ax,y)=x1y1 . Induced semi-norm is
Ixll A = |xd] (5)

Clearly this semi-norm does not distinguish the vectors having x1=0,
even when x2#0 thus proving the degeneracy of norm with respect
to Hilbert spaces.

Example 2:

Let A be projection operator P onto a proper subspace of H. The
resulting semi-Hilbertian space only measures components of
vectors along the image of P and does not consider orthogonal

complements.

2.3 Basic Lemmas and Known Results

We list here some of the fundamental results which form the basis of

our attempt.
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Lemma 1 (Gelfand’s Formula):

For any bounded linear operator T on a Banach space,

r(T) = lim_{n > oo} I T"n || "{1/n} (6)
Lemma 2:
Let T be an operator on a semi-Hilbertian space (H,(, YA); define the
A-adjoint T# of T by the identity

(Tx,y)_A = (x,T"#) A Vx,y € H (7)
If such an adjoint exists, then T is said to be A-adjointable.

Lemma 3:

An operator T is said to be A-bounded if there exists M>0 such that
ITXIIASMIIX|IA for all xeH. In this case, T behaves well under the
semi-norm structure, thus permitting extension of norm and spectral

results from Hilbert spaces.

These concepts provide a basis for examining the operator
inequalities and radius estimates in the semi-Hilbertian setting, in

which standard techniques require proper adjustment.
3. MAIN RESULTS

We present our principal contributions concerning spectral radius
and norm approximations of bounded linear operators in semi-
Hilbertian spaces here. We begin with novel estimates for the
spectral radius and then turn to derive related norm inequalities. The
results generalize some classic results in Hilbert space and enhance

recent inequalities established in the literature.
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3.1 Spectral Radius Estimates

Let (H,(-,-)A) be a semi-Hilbertian space with fixed positive semi-
definite bounded linear operator A on H. For a bounded linear
operator TeB(H), let the A-operator norm be given by

ITIH_A=sup{llxll_A=1} ITxI_A (8)
We begin with a spectral radius estimate here.

Theorem 1.

Let TeB(H) be A-bounded. Then the spectral radius rA(T) of T in the
semi-Hilbertian space is given by

r_A(T) < limsup_{n - o} T n|l_AM1/n} <ITI_A  (9)
Proof. The inequality r A(T) < limsup_{n — <} [T nll_AM1/n} is
immediate from Gelfand's formula for the A-norm. Since T"n|l_A <
ITI_A”n, taking n-th root and the limit superior yields

limsup_{n - o} | T*n |l _AM1/n} <ITI_A (10)
Thus,

r A(T) <ITI_A (11)
Theorem 2 (Lower Estimate).

Let T be an A-adjointable operator. Then

r A(T) = limsup_{n — o} (inf_{llxI_A =1} I T*nx |l _A)*{1/n} (12)
Proof.
Let xeH with |[x|l_A=1. Then for any neN, we have

ITrnxll_A <ITnll_A (13)
Taking infimum over unit vectors and the limit superior yields the

result by standard arguments in spectral theory.
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Remark. Equality rA(T)=IITIIA holds if and only if T is A-normal, i.e.,
TT#=T#T, and the spectrum is on the boundary of the norm disk.
This extends established results for normal operators in Hilbert

spaces.

3.2 Norm Estimates

We then obtain tighter estimates for the operator norm in the semi-
Hilbertian case, using methods from matrix analysis and functional
inequalities.
Theorem 3.

Let TeB(H) be A-bounded. Then the following estimate holds:

1T Il _A? <ITAT I _A (14)
Proof.
For any xeH with [Ix||A=1, we have:
| Tx | _A%? = (ATx,Tx) = (T"#Tx,x) A <|| T "#T || _A (15)

Taking supremum over all such xxx yields the result.
Theorem 4 (Asymptotic Norm Estimate).
If T is compact and A-adjointable, then

| TAn Il _AM1/n} -» r_A(T)asn — o (16)
Proof.
The application of Gelfand's formula occurs directly through

compactness of T together with the norm equivalence within the

induced topology.

The diagram ensures understanding of how the spectral radius

relates to operator norm through semi-inner products. This relation
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should be studied for its specific conditions of equality while showing

the effects of semi-Hilbertian geometry on it.

4.7 \
) depends on A
’ |
’ \

’,

Figure 2: Relationships Among IIT lla, r(T ), and |IT |l in Semi-Hilbertian Spaces

3.3 Generalizations and Remarks

There exist multiple ways in which the generalized findings can

expand:

The norms and spectral estimates under normal and
hyponormal operators come with additional requirements that allow

equality in these conditions.

The new derived inequalities strengthen initial conditions
derived for Hilbert spaces when A differs from | because they

provide better constants and simplified restrictions.

For compact operators the norm powers converge exactly to

the spectral radius as shown in Theorem 4 while generalizing
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standard Hilbert space theory which can be found in Bhunia, Feki, &

Paul (2021) and Feki (2020).
Remark on Sharpness.

Our obtained results display specific precision in multiple different
cases. The estimates provide exact norm-radius relations in Hilbert
spaces when A operates as a projection or a scalar identity. When
the matrix A is non-invertible the developed inequality becomes
strict because Hilbertian geometrical methods cannot be directly

applied to such cases.
Remark on Applications.

The obtained consequences enable analysis of iterative method
convergence along with the stability examination of dynamical
systems and spectral evaluations of differential operators which
occur through semi-Hilbertian frameworks due to weighting operator

or degeneracy conditions.
4. APPLICATIONS AND EXAMPLES

The section demonstrates how the acquired theoretical findings can
be effectively applied to specific operators and operational
environments. The research includes applications from finite and
infinite-dimensional domains with a preview of how these findings

impact control theory and quantum mechanics fields.
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4.1. Concrete Operators

Example 1. Weighted Shift Operator in Semi-Hilbertian
Space

Setting H=£2(N), a unilateral weighted shift operator T is defined in
the following manner:

T(en) = wne{n+1},n € N (17)

where the wt_n}* « is any bounded sequence of nonzero real
numbers. So let A be defined as a diagonal operator
A(en)=an.en,where an>0. Then:

(H,(x,y)A) is definitely a semi-Hilbertian space.
A-norm now has this particular value: [[x[|A2=2n=1~an|x|"2.

Application of Theorems:
From Theorem 1, looking at the spectral radius:
r A(T) < limsup_{n - oo} ([[_{k = 13 n} |w_k)*{1/n} (18)
Here, when wn=1,rA(T)=1|IT||A depending again on the growth

rate of the scalars an, fully outlining the interference caused by the
weight structure in the semi-inner product.

Example 2: Multiplication Operator on L? with Weighted
Inner Product

The multiplication operator T on L2([0,1]) is given by

(THx) = mx)f(x) (19)
where m(x) is a bounded measurable function.

Define A as the integral operator:

A(f)(x) = a(x)f(x),witha(x) > 0 (20)
Thus, we have

(f,9)A = [ o' a()f(x)g(x) dx (21)
and L2([0,1]) is a semi-Hilbertian space.
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Spectral radius: rA(T)=Ilim||L«, as multiplication operators have
unchanged spectrum independent of A.

\|T\|_A"2, norm estimate: \|T\|*2. if a(x) is not constant.

4.2. Matrix Representations

It gets much simpler in finite dimensions. Let H=Cn and AeCnxn be
a positive semi-definite Hermitian matrix. Define the semi-inner
product by

(x,y).A = x"+ Ay (22)
Let TeCnxn. Then:
|TX|_A =sup_{|x|_A = 1}Tx|_A,
T#=A-1T*A (if A is invertible).
The next matrix view shows how a semi-Hilbertian inner product is

evaluated when the semi-definite operator A is diagonal and shows

degeneracy or anisotropic weighting of an ordinary inner product.

a=foi =[] -
s =tan = (3] [2]) =

Figure 3: Matrix Representation of (x, y) A = (AX, y)

Example 3: Jordan Block
Let

T=@@A0 12 (23)
iIs a non-normal operator, and

A=(10 0e¢) (24)
for small £>0.

Standard norm and A-norm possess notable variations

because of the weight ¢.
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The spectral radius of T equals the absolute value of A while

T's A norm shows sensitivity to elements outside the diagonal.

Through semi-Hilbertian structure it modifies the relationship

between norm and radius measures.

4.3. Connections to Other Fields

(a) Control Theory

The appearance of semi-Hilbertian structures in stability analysis
happens during assessments of systems which use weighted
energy functionals. Analysis of evolution operators through spectral
radius estimation allows proper identification of exponential stability.
The condition rA(T)<1 guarantees that T-based system evolution

results in energy decay under the A-energy measurement.

(b) Quantum Mechanics

Quantum systems under spatial constraints or Hamiltonian
degeneracies automatically generate semi-Hilbertian inner products.
The transformation from standard operators to self-adjoint operators
occurs under weighted inner product A negotiation which affects

spectral breakdown and physical observation capabilities.

(c) Signal Processing

Weighted inner products serve for adaptive filtering along with
wavelet analysis through their operator A as a tool to control time-
frequency localization preferences. The conclusions from our
research provide information about norm features of convolution and

modulation operators in these frameworks.
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5. COMPARISON WITH EXISTING LITERATURE

We analyze the spectral radius and norm measurements from our
work in semi-Hilbertian domains along with results from both
standard Hilbert spaces and similar semi-inner product operations.
Our method seeks to demonstrate its theoretical developments
together with practical consequences which result from its

implementation.

5.1. Comparison with Classical Hilbert Space Results

The spectral radius of a bounded linear operator T in a standard
Hilbert space satisfies the well-known inequality:

r(T) < [IT]| (25)
Gelfand's formula also holds:

r(T) = lim(n - o) ||[T"n|["(1/n) (26)
The relations change between norm and inner product when a semi-
Hilbertian space uses a positive semi-definite operator A to create
its norm and inner product. The norms and adjoints adopt
dependencies on the A-induced geometry which results in more
precise or targeted bounds. The depicted comparative bar chart
demonstrates that our newly derived spectral radius and norm
bounds vyield better results than common Hilbert space estimates
when working with selected operators under the semi-Hilbertian
geometry. The illustration in Figure 4 displays the evaluation of

Operator Norm along with Radius Estimates.
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Figure 4. Comparison of Operator Norm and Radius Estimates

Our Contribution:

We generalize the estimate for the spectral radius:

r_A(T) < limsup (n - ) ||T"n||_A"(1/n) (27)
and characterize the conditions under which equalities are available.

The presentation of improved bounds originates from
structure-preserving abilities that exist in A-inner products when
T#=T holds true.

5.2. Improvements over Semi-Inner Product
Frameworks

Research on semi-inner products from the past has required
restrictive positive or bounded operator limitations. Our framework

allows:
Broader families of operators (not necessarily self-adjoint),

Semi-definite weights A, instead of strictly positive definite

ones,
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The relationship between A and T determines improved

spectral and norm constraints for the system.

5.3. Summary of Comparative Results

We use a table to illustrate major distinctions between classical and

semi-Hilbertian operative conditions to enhance visibility.

Table 1. Comparison of Operator Estimates in Different

Frameworks
Property/Re Hilbert Space
sult (CD))

Spectral

Radius r(T)=<ITII
Bound

Gelfand’s r(T) = lim
Formula [T n]|™N(2/n)
Norm Fixed under space
Sensitivity geometry
Adjoint e
Operator T (unique)
Compact/Nor

mal Well-studied
Operators

Applicability

to Weighted -
Spaces/Oper Limited

ators

Semi-Hilbertian
Space ({:,-)a)

ra(T)SITIA

r_A(T) =lim
[|Tn]|_A"N(1/n)

Varies with choice of
A

TAE = AN-1) T A

Extended definitions
using A-adjoint

Natural setting

40

Remarks

Analogous, but
ITlladepends on
A

Holds under
certain A-
continuity
conditions

Adaptive norm
control

Depends on A,
not always self-
adjoint

Supports broader
operator classes

Especially in
PDEs and signal
models
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5.4. New Insights and Practical Advantages

The framework becomes adjustable through A selection
because this transformation enables smarter space topology which

results in superior stability and convergence bounds.

Our analysis utilizes operator-dependent inner products
because it understands the connections between operator T and A
structure to generate estimates that exceed rigid Hilbert spaces
capabilities.

The approach provides improved stability criteria that translate
into weighted energy measurements for control theory applications

which generates clear physical interpretations.
6. CONCLUSION

We studied the properties of bounded linear operators in semi-
Hilbertian spaces which derive their inner product structure from a
positive semidefinite operator A. Through a thorough spectral radius
and norm estimates evaluation we identified the conditions under
which the Gelfand's formula becomes valid in semi-Hilbertian
spaces. The analysis of TTT operators with weight operator AAA
yielded both upper bounds and approaching behavior of the spectral
radius while also presenting sharp norm measurements that
highlight mutual effects between TTT and AAA. Our examination of
operators with respect to their AAA-adjoint character and AAA-
bounded behavior led to an advanced version of foundational Hilbert
space theory which supports diverse operator classes and practical

elements. Our research included both theoretical advancement
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alongside practical applications which illustrated the transformations
of classical tools into our modified methodological framework. Our
paper explores connections between this research and quantum
mechanics and control theory alongside signal processing since
weighted inner products appear naturally in these fields. Several
promising research paths exist for the future academic investigation.
Research should continue by expanding these findings to
unbounded operators because these operators are vital elements in
differential operator theory and quantum mechanics. Research into
locally convex spaces combined with semi-normed spaces aims to
expand theoretical applicability to spaces that come with incomplete
inner product features. The creation of numerical calculations to
assess spectral measurements and norms within semi-Hilbertian
domains would offer important tools to engineers and scientists who
operate with structured operators. The presented research provides
foundations for developing operator-theoretic approaches which
unite algebraic constructs with geometrical methods to generate

fresh avenues for theoretical progress and real-world modeling.

REFERENCES

1. Abbas, H., Harb, S., & Issa, H. (2022). Convexity and inequalities of some
generalized numerical radius functions. Filomat, 36(5), 1649-1662.

2. Aljawi, S., Feki, K., & Taki, Z. (2024). A collection of seminorms linking the A-
numerical radius and the operator A-seminorm. Mathematics, 12(7), 1122.

3. Alomari, M. W. (2020). The generalized Schwarz inequality for semi-
Hilbertian space operators and Some $ A $-numerical radius inequalities. arXiv
preprint arXiv:2007.01701.

42



Gled daad Gawl ap | Aadadl) 5 2l o lad) JalSs

4. Alomari, M. W., Bakherad, M., & Hajmohamadi, M. (2024). A generalization
of the Davis—Wielandt radius for operators. Boletin de la Sociedad Matematica
Mexicana, 30(2), 57.

5. Altwaijry, N., Dragomir, S. S., & Feki, K. (2023). On the joint A-numerical
radius of operators and related inequalities. Mathematics, 11(10), 2293.

6. Bhunia, P. (2024). Numerical radius bounds for certain operators. Indian
Journal of Pure and Applied Mathematics, 1-13.

7. Bhunia, P., Feki, K., & Paul, K. (2021). A-Numerical radius orthogonality and
parallelism of semi-Hilbertian space operators and their applications. Bulletin of
the Iranian Mathematical Society, 47(2), 435-457.

8. Bhunia, P., Girdal, M., Paul, K., Sen, A., & Tapdigoglu, R. (2023). On a new
norm on the space of reproducing kernel Hilbert space operators and Berezin
radius inequalities. Numerical Functional Analysis and Optimization, 44(9), 970-
986.

9. Chandra Rout, N., Sahoo, S., & Mishra, D. (2021). Some A-numerical radius
inequalities for semi-Hilbertian space operators. Linear and Multilinear Algebra,
69(5), 980-996.

10. Daptari, S., Kittaneh, F., & Sahoo, S. (2025). New A-numerical radius
equalities and inequalities for certain operator matrices and applications.
Results in Mathematics, 80(1), 22.

11. Feki, K. (2020). Spectral radius of semi-Hilbertian space operators and its
applications. Annals of Functional Analysis, 11, 929-946.

12. Feki, K. (2022). Some A-spectral radius inequalities for A-bounded Hilbert
space operators. Banach Journal of Mathematical Analysis, 16(2), 31.

13. Gao, F., Kittaneh, F., & Liu, X. (2024). GENERALIZATIONS OF
NUMERICAL RADIUS INEQUALITIES FOR HILBERT SPACE OPERATORS.
Journal of Mathematical Inequalities, 18(4), 1375-1386.

14. Guesba, M., Bhunia, P., & Paul, K. (2023). A-numerical radius inequalities
and A-translatable radii of semi-Hilbert space operators. Filomat, 37(11), 3443-
3456.

15. GURDAL, M., & Basaran, H. (2022). A-Berezin number of operators. In
Proceedings of the Institute of Mathematics and Mechanics (Vol. 48, No. 1).

16. Ismailov, Z. I., & Al, P. I. (2024). Generalizations of the Numerical Radius,
Crawford Number and Numerical Index Functions in the Weighted Case. arXiv
preprint arXiv:2412.19818.

17. Jena, M. R., Das, N., & Sahoo, S. (2023). Refinements of some numerical
radius inequalities for Hilbert space operators. Filomat, 37(10), 3043-3051.

18. Kittaneh, F., & Sahoo, S. (2021). On A-numerical radius equalities and
inequalities for certain operator matrices. Annals of Functional Analysis, 12(4),
52.

43



Gled daad Gawl ap | Aadadl) 5 2l o lad) JalSs

19. Krej€ifik, D., Lotoreichik, V., & Znojil, M. (2018). The minimally anisotropic
metric operator in quasi-Hermitian quantum mechanics. Proceedings of the
Royal Society A: Mathematical, Physical and Engineering Sciences, 474(2217),
20180264.

20. Mabrouk, M., & Zamani, A. (2023). An extension of the a-numerical radius
on Cx-algebras. Banach Journal of Mathematical Analysis, 17(3), 42.

21. Majumdar, A., & Johnson, P. S. (2024). A formula of $ A $-spectral radius
for $ AM\frac {1H2}} $-adjoint operators on semi-Hilbertian spaces. arXiv
preprint arXiv:2402.12961.

22. Qawasmeh, T., Qazza, A., Hatamleh, R., Alomari, M. W., & Saadeh, R.
(2023). Further accurate numerical radius inequalities. Axioms, 12(8), 801.

23. Qiao, H., Hai, G., & Bai, E. (2022). A-numerical radius and A-norm
inequalities for semi-Hilbertian space operators. Linear and Multilinear Algebra,
70(21), 6891-6907.

24. Rani, J., & Patra, A. (2025). $ g $-Numerical Range of Operators in Semi-
Hilbertian space. arXiv preprint arXiv:2502.19855.

25. Sahoo, S., & Behera, N. (2025). Generalized numerical radius inequalities
for certain operator matrices. arXiv preprint arXiv:2501.06995.

26. Sain, D., Bhunia, P., Bhanja, A., & Paul, K. (2021). On a new norm on B (H)
and its applications to numerical radius inequalities. Annals of Functional
Analysis, 12(4), 51.

27. Taki, Z., & Kaadoud, M. C. (2023). Some new refinements of numerical
radius inequalities for Hilbert and semi-Hilbert space operators. Filomat, 37(20),
6925-6947.

28. Zamani, A., Moslehian, M. S., Xu, Q., & Fu, C. (2021). Numerical radius
inequalities concerning with algebra norms. Mediterranean Journal of
Mathematics, 18, 1-13.

44



dens ) il el ) oo | Akl s Apalud) o kel JalSs

Sl Jaadl)

Basic Physics Concepts

Ba - O A 8 el &y padl

Lailall
Al lidadl) g dpnsdall o glell 8 Leadsa s ) el 3l malia ) Slaae Juadll ooy
il e ki aii e ccMelially 2Ll bl Al Lhem gy sl il (mm s
AdaaSal 50 Aadlaal) guam iy Kpaad ol 3l o3 AS0uSSH (l l ol ) al sl 5 Sl
St ) B i ) asall Gy e JEBY) 3 DY) 5 il i) 2 el
Al Sl 5 Anlaling g eIy SIS Leiay ) ¢ 58l Jaadll (i jai g
Gl LS Leallad ) Genlaall 5 al shall Ve () nee I o i) 5 40aS) oy il
JUEE) o 5l ALl 5 Jglan Laadioe diidail) o glall 5 cllall 5 olia¥) 5 elaasSIL ol 5l s )
zisalll dapl agh A zling alell QWS 0 el 1380 3 Hn s Claadll G anlidll
Coaaall Yl o GAOEAY) el )Y cdlexind 2 gas

B se cdlifinall ol Jaall 5 cadall s Juai¥ls 48l b clipdaill L)) Jeadl) Jii
Do laam i (s e o I il 5562915 Gl 3l malial) oy Aliall
acdy Apalall AdE) iy Glawaddll g JalSlly onoadl) aladll pghaty alat Ay
48 jaall oy GLnil Gl Apai 3 pgm oLl e o ) LA aliy il
sl ) LpaaY aliie A Uy calei (e w8 Juadll deabue Jiatiy | Gukilly 45 laill
ALaY) Ay baaae A el Gl ) saas Lad dle) (G sl LeiBle 5 e s A5
e 31 Y laa 5 Apalall 3 Sl prpm i) Jilia g

Al i) ¢ alad) QRS $aaal) ol 3l SIS ol 3l €el 3l aalia ualial) LS

45



dens ) il el ) oo | Akl s Apalud) o kel JalSs

Abstract

This chapter introduces fundamental physics and its place in the
natural sciences and technological applications. Physics is
presented as the study of matter, energy, and their interactions.
Historical discussion follows movement from early explanations of
phenomena to classical laws and modern physics. Observation,
experiment, mathematics, and reasoning are considered as
complementary means of moving from description toward
explanation.

The chapter reviews major branches, including mechanics,
electromagnetism, thermodynamics, quantum physics, and
astrophysics, distinguishing the phenomena and scales addressed
by each. Relationships with chemistry, biology, astronomy, and
applied sciences are illustrated through tables and examples. This
account presents scientific integration as requiring attention to the
nature and limits of models rather than eliminating differences
among research fields.

Applications in energy, communication, medicine, transport, and
prospective technologies connect physical concepts with devices
and processes. The chapter also presents educational and research
recommendations concerning experimental learning,
interdisciplinary education, scientific communication, and research
support. Its concluding discussion emphasizes the contribution of
physics to analytical thinking and to connecting theoretical
knowledge with practical applications. The contribution is an
organized historical and educational account of the importance,
branches, and relationships of physics. It does not report a new
experiment or measure the performance of a particular technology.
Examples serve to clarify scientific ideas and their possible uses,
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while the discussion maintains the relationship between conceptual
understanding and informed practical interpretation.

Keywords: Physics concepts; Classical physics; Modern physics; Scientific
integration; Technological applications

Introduction

The natural sciences describe humanity’s historical reliance on the
natural order of the physical universe and its interaction with the
cosmos. Out of natural sciences, none are as important as the
fundamental laws of physics, which describe the behavior of matter
and energy and how they interact. These fundamental laws of
physics describe the laws of nature and have defined the greatest
discoveries and applications in civilization The importance of the
topic and its reasons: The scope of this project is to redefine the
place of physics within the modern technological revolution.
Referring to physics, reading the world allows the researcher and
the reader to understand the degree to which the theoretical and the
practical are intertwined, from the division of the world of the atomic
and subatomic, to the world of the movement of the galaxies. The
objective of this report is to propose a simpler method without
detracting from the academic dimension of the theme “Physics and
Its Significance”.

One of the key issues to consider is to reconcile the appreciation of
theoretical physics and the understanding of the significance of its
practical importance in contemporary science and technology. We

will attempt to answer the following questions:
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What is the terminological and historical definition of physics, and
how has it evolved throughout history? How do basic physical
concepts form the foundation upon which other natural sciences,

such as chemistry, biology, and astronomy, are based?

What is the direct impact of physical applications in the fields of

energy, communications, medicine, and transportation?

What role does physics play in formulating solutions to future

challenges and advanced technological innovations?

Objectives

Academic and Practical Objectives
The objectives we are pursuing in the following:

To build the foundation for understanding the notion of physics, i.e.,
to define physics and its main branches, and to distinguish classical

physics from modern physics.

Scientific Integration: To show how physics relates organically to

other natural and applied sciences.

As an example of practical significance of this work: to reveal the

application of physical laws in technology, medicine and industry.

Analytical Thinking: To demonstrate the importance of physics for

developing one’s problem-solving and scientific interpretation skills.
Methods and Structure

This part of the paper will apply descriptive-analytical method to
introduce the scientific material. It will analyze basic notions and

show their applications, illustrating them with examples. This work
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will be comprised of four main parts, after which a conclusion and

list of references will follow.

Section I: Nature of Physics and Its History.

Section 2: Physics as a Cornerstone of the Natural
Sciences.

Section 3: Practical Applications and Technological
Importance of Physics.

Section 1: What is physics and where did it come from?
1. What is physics? Scope of physics. Physics is a word which is

derived from the Greek (Physikos) meaning “natural” or “the study of
nature”. Physics is the natural science which studies matter, energy,
motion and behavior throughout space and time (Halliday et al.,
2018; Serway & Jewett, 2019), and related entities such as force,
mass, and charge (technically). (Halliday et al., 2018; Serway &
Jewett, 2019), along with related entities such as force, mass, and
charge. This science aims to satisfy human intellectual curiosity by
explaining the fundamental principles that govern nature. The scope
of physical research extends to include vastly different scales: the
microscopic scale, which studies atoms, nuclei, and subatomic
particles (such as quartz and leptons); the macroscopic scale, which
studies the tangible objects around us, habitats, and mechanical
interactions we observe daily; and the cosmological scale, which
studies the movement of planets, galaxies, the observable universe,

and theories related to the beginning and expansion of the universe.
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Secondly, the historical development of physics: Physics has

passed through three historical stages:

1.Ancient Physics (Natural Philosophy): The first attempts to explain
natural phenomena began among the civilizations of Mesopotamia
and ancient Egypt, and were later systematically developed by
Greek philosophers like Aristotle, who relied on intellectual reflection
and sound reasoning without following observation and systematic
experimentation. Science made a ualitative leap with the
introduction of an experimental method in the golden age of Islamic
civilization. lbn al-Haytham is considered a pioneer of optics
(Ahmed, 2018; Al-Haithami, 2021) and the father of rigorous
scientific experimentation. Al-Biruni and lIbn Sina were also pioneers

for the mechanics of motion and gravity.

2. The Revolution of Classical Physics (17th to 19th Century): This
period witnessed the birth of modern physics based on observation

and mathematics:

Galileo Galilei: He introduced the modern scientific method and
integrated mathematics with experimentation to study the motion of

objects and their free fall.

Isaac Newton: In the celebrated book, Mathematical Principles of
Natural Philosophy, he propounded the three laws of motion and the
law of universal gravitation, by means of which humanity was
enabled to predict the motion of terrestrial and celestial bodies with

a high degree of accuracy. nics of motion and gravitation.
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James Clerk Maxwell: In the 19th century, he formulated the
equations of electromagnetism (Serway & Jewett, 2019)., delivering
a decisive blow to the separate theories of electricity, magnetism,

and light, and proving that light is simply an electromagnetic wave.

1- The birth of modern physics (Early 20th century): By the close of
the 19th century, the academic world believed it had discovered all
the laws of the universe. But some phenomena could not be
explained by classical physics (like blackbody radiation and the
photoelectric effect) . However, some phenomena could not be
explained by classical physics (such as blackbody radiation and the
photoelectric effect). This led to the emergence of two theories that
changed human understanding of the universe: Relativity (Albert
Einstein): He formulated special relativity (1905) and general
relativity (1915) (Tipler & Llewellyn, 2012), explaining that spacetime
is a continuous fabric, and that gravity is merely a curvature of this
fabric caused by mass. He also developed the famous mass-energy
equivalence equation (E=mc?2). Quantum Mechanics (Max Planck,
Bohr, Heisenberg, Schrddinger): This explained how matter and
energy behaved at subatomic and atomic scales, revealing that
energy consists of indivisible packets (quanta) and that atoms have
a dual nature (both wave and patrticle).

Third: Comparison between Classical and Modern Physics: To
facilitate understanding the distinction between the two main
branches, the following table outlines the most fundamental

differences:
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Table 1

shows a comparison between classical physics and physics.

mparison . . :
CO. pariso Classical Physics Modern Physics
Point
. . Microscopic objects
Large-scale objects moving . :
Scope of (atoms/subatomic particles)
. at speeds much slower . .
Application than the speed of liaht or objects moving at speeds
P ght. close to the speed of light.
Newtonian Mechanics,
Maxwell's Quantum Mechanics, Theory
Core Theories  Electromagnetism, of Relativity (Special and
Classical General).

Thermodynamics.

Deterministic: absolute
predictability of outcomes if
initial conditions are
known.

Probabilistic: relies on wave
functions and Heisenberg's
Uncertainty Principle.

Determinism

Nature of Relative entities integrated

Absolute and independent | . . .
Space and N into a single spacetime
. entities from the observer. . .
Time continuum (Spacetime).

Fourth: The Philosophy of Science and the Construction of the
Physical Methodology. Physics is not limited to collecting facts and
numerical data, but rather relies on a sound scientific philosophy

that seeks to explain physical reality through several basic pillars:

*Mathematical Modeling: Mathematics is considered the "language
of physics"; Researchers translate natural phenomena into
mathematical equations and formulas that enable them to predict
outcomes before they occur (such as predicting planetary

trajectories or the behavior of electromagnetic waves).
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*The inductive and deductive methods: Induction: Starting with direct
observation and experimentation to deduce general laws (as Galileo

did in his free-fall experiments).

*Deduction: Starting from general hypotheses and theories and
testing their results through laboratory experiments (as happened in
proving the existence of gravitational waves a century after their

prediction in general relativity).

The principle of falsifiability: According to modern philosophy of
science (such as Karl Popper's thesis), a physical theory is scientific
and correct only if it is testable and can be proven (Ahmed, 2018)
wrong when new experimental data emerges that contradict it. Fifth:
The main branches of physics. Physics branches into several

specializations that ensure coverage of all cosmic phenomena:

Classical mechanics: Studies the motion of objects, the forces acting

on them, and the laws of equilibrium and velocity.

Electromagnetism: Studies electric charges and fields. Magnetism

and the interactions between them.

Thermodynamics: deals with heat, forms of energy, and the laws

governing the transformation of energy from one form to another.

Quantum Physics: studies the behavior of subatomic particles and

phenomena that do not occur in the macroscopic world.

Astrophysics and Cosmology: studies the motion of celestial bodies,

the origin of the universe, and its evolution over time.

53



dens ) il el ) oo | Akl s Apalud) o kel JalSs

Section Two: Physics as the foundation of natural sciences.
Physics is the intellectual and methodological foundation on which
natural sciences rest; it is the source of fundamental principles and
laws that explain the phenomena in chemistry, biology, geology, and

astronomy.

First: The Integration of Physics and Chemistry (Physical
Chemistry): Chemical reactions cannot be separated from their
physical origins, as physical laws govern the behavior of atoms and

molecules.

Atomic Structure and Chemical Bonding: Chemistry relies on
guantum mechanics to explain how electrons are distributed in
atomic energy levels and how valence, ionic, and metallic bonds are
formed through the interaction between the electric fields of nuclei

and electrons.

Chemical Thermodynamics: The laws of thermodynamics (such as
the law of conservation of energy and the concept of entropy)
determine the spontaneity of chemical reactions, the amount of heat
absorbed or released, and chemical equilibrium (Young &

Freedman, 2020).

Chemical Kinetics and Absorption Spectrum: The interaction
between light and matter (the electromagnetic spectrum) explains
the molecular structure of compounds and is the basis of modern
chemical analysis instruments such as mass spectrometry and

spectroscopy.
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Second: Physics and Life Sciences (Biophysics): The life and
medical sciences utilize physics. To explain the functional

mechanisms within living organisms:

Biomechanics: Applying Newton's laws to calculate the forces acting
on bones, joints, and muscles during movement, and understanding

how the heart functions as a blood pump.

Fluid Dynamics and Pressure: The movement of blood in arteries
and veins is governed by the laws of fluid dynamics and Bernoulli's
principle, which helps in understanding blood pressure and vascular

occlusion (Al-Zahar, 2020).

Bioelectricity: The transmission of nerve signals and the contraction
of the heart muscle depend on the displacement of ions across the
cell membrane, a direct application of electrical potential and
electromagnetic fields (as in electrocardiograms,

electroencephalograms, and electroencephalograms).

Third: Physics, Earth Sciences, and Astronomy (Geophysics and
Astrophysics): Physics expands its scope to include the planet Earth
and the entire universe: Geophysics: Using seismic waves to map
the Earth's internal layers and locate earthquake epicenters.
Studying the Earth's magnetic field and its role in protecting the
atmosphere from winds. Solar physics. Astrophysics: Applying the
laws of gravity, thermodynamics, and nuclear physics to explain the
life cycle of stars, the formation of black holes, and the Big Bang.

Using spectroscopy to determine the chemical composition and
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temperatures of distant celestial objects (Halliday et al., 2018; Tipler

& Llewellyn, 2012).

Table 2
illustrates the integration of physics with natural and applied
sciences.
Scientific Interdisciplinary Practical Application /
Field Physics Branch Phenomenon
| Quantum Mechanics & Understa_nd_lng chemlcal bonds
Chemistry . and predicting reaction
Thermodynamics .

spontaneity

Biology & Bioelectricity & Fluid | ccvrocardiogram (ECG) and
. : analyzing blood flow dynamics in

Medicine Dynamics

vessels
Earth Wave Physics & Earthqugke forecasting, oil

. : exploration, and groundwater

Sciences Geophysics .

detection

. Explaining stellar nucleosynthesis
Nuclear Ph . . .

Astronomy uclear Physics & and calculating gravitational light

General Relativity bending

Section Three: Practical applications and technological importance
of physics. The importance of physics goes beyond theoretical
boundaries to form the main engine for technological and industrial
applications upon which contemporary civilization is based. The
transformation of physical principles into practical technologies has

contributed to raising the efficiency of multiple vital sectors.

First: Applications of physics in the energy and electricity sector. The
infrastructure for generating and transmitting energy depends

entirely on the laws of electromagnetism and thermodynamics:
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Electromagnetic induction and electricity generation: Power plants
(whether gas, water, or wind-powered) rely on Faraday's law of
electromagnetic induction to convert the motion of turbines into
electrical energy via generators. Renewable energies and
photovoltaic physics: Solar cells (photovoltaic cells) rely on the
photoelectric effect to harness the energy of photons and release
electrons in semiconductor materials to generate electricity.
Peaceful nuclear energy: Nuclear reactors utilize Einstein's equation
of mass-energy equivalence (E = mc®) to generate enormous
amounts of heat through controlled nuclear fission and produce

electricity with low carbon emissions (Serway & Jewett, 2019).

Second: Physics in communications and computing technology.
Physics represents the true foundation of the digital revolution and
modern communications:  Semiconductor  physics  Physics:
Controlling the electronic properties of silicon and semiconductor
materials led to the invention of the transistor and integrated circuits,

the building blocks of processors in smartphones and computers.

Fiber optics and communications: Global internet networks rely on
the phenomenon of total internal reflection of light within glass

cables to transmit data at high speeds via fiber optics.

Electromagnetic waves and wireless communications: Radio and
microwave waves, governed by Maxwell's equations, are used in
wireless networks (Wi-Fi), satellite communications, and GPS

(Serway & Jewett, 2019).

Third: Medical applications of Physics:
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Physics has made immense contributions to the revolution of

devices for diagnosis and non-invasive treatments:

X-ray and CT Scan: These make use of the ability of high-energy
electromagnetic waves that can penetrate into living tissue and

produce images of the bones and soft tissues.

Magnetic Resonance Imaging (MRI): This uses the principles of
Quantum Physics, particularly spin. Due to exposure of the
hydrogen nuclei in the body to powerful magnetic fields and radio
waves, MRI gives detailed images of the soft tissues without any
ionizing radiation. Lasers and surgical applications: Laser
technologies (light amplification by stimulated emission of radiation)
rely on the energy levels of the atom and are used in microsurgery

of the eye, lithotripsy, and tumor removal (Al-Zahar, 2020).

Table 3

illustrates the technological applications of physics and its

scientific relationships.

Key Technological . - Application
y . g Core Physics Principle PP
Innovation Sector
Electric Generators & Electromagnetic Induction & Enerav & Power
Solar Panels Photoelectric Effect %y

Microprocessors & Fiber | Solid-State Physics & Total

Optic Cables Internal Reflection Electronics & IT

MRI Scanners & Medical = Nuclear Magnetic Resonance Medicine &

Lasers (NMR) & Wave Physics Healthcare
Jet Engines & High- Aerodynamics & Newton's Transportation
Speed Bullet Trains Third Law P
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Section Four: Physics and the Challenges of the Future. Physics
represents humanity's fundamental bet in confronting the major
challenges of the 21st century, from the climate change crisis and
energy depletion to expanding the horizons of high technology and

developing computing tools.

First: Quantum Computing and the Data Processing Revolution
(Quantum Computing). Traditional computers use the binary bit O or
1, while quantum computing uses quantum mechanics principles to
radically change the efficiency of processing: The principle of
superposition in quantum computers (Superposition): It allows a
guantum bit (Qubit) to be in both states |0) and |1) at the same time,

thus exponentially increasing computing power.

Quantum Entanglement: Allows the linking of the quantum states of
separate particles, opening up possibilities for building ultra-secure,
unhackable communication networks (Quantum Cryptography)

(Tipler & Llewellyn, 2012).

Potential future applications: Quick solving of challenging problems
within seconds for example in weather/climate prediction, modeling
of molecules to help create new medicine, improving of global
supply chain management. Point number two: Nuclear Fusion
Sustainable Energy Solutions (Nuclear Fusion): With rising demand
for global energy production and reduction in carbon emission, there
is a trend towards physics simulation of reactions in star cores.
Physical principle: fusion of light nuclei (for example Hydrogen

isotope: deuterium and tritium) to form heavier nuclei (helium),
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releasing enormous amounts of energy according to Einstein's
equation (E = mc?). Future advantages include providing a virtually
inexhaustible and completely clean energy source without long-term
nuclear waste or the risk of reactor explosions. Global projects
include the International Thermonuclear Experimental Reactor
(ITER) project, which aims to develop magnetoplasmic confinement

technology (Tokamak) (Young & Freedman, 2020).

Third: Room Temperature Superconductors (Room Temperature
Superconductors): Superconductors have an outstanding quality of
carrying electricity without resistance and without losses in terms of
energy dissipation in form of heat. Current problem: The majority of
superconductors today are working at very low temperatures near
absolute zero, with the use of costly liquid helium for cooling
purposes. Future implications: The access to superconductors at
room temperature and at atmospheric pressure will change
everything: it will change the future of electricity distribution over
world grid without energy losses; future of the maglev trains for
reaching super speed cheaply; and future of MRI and quantum

computing assemblies. (Tipler & Llewellyn, 2012).

Table 4

illustrates future physics technologies and their developmental
impact.

Underlying Physics

Expected Global Impact Concept

Future Technology
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Underlying Physics

Expected Global Impact Concept

Future Technology

Unprecedented processing
power & secure quantum
internet

Superposition &

uantum Computers
Entanglement Q P

Mass-Energy
Abundant, carbon-free, and

Equivalence Nuclear Fusion

safe clean energy B
E =mc
: uantum
Zero-loss power grids & ultra- Q . Room-Temp
. : Macroscopic

fast magnetic transit Superconductors

Coherence

Advanced cancer targeting &  Solid-State & Wave  Nanotechnology &
invisibility/cloaking optics Optics Manipulation = Metamaterials

Conclusion and Recommendations

First: Conclusion

This academic study reveals the significance of physics as the basis
of human knowledge, rather than an isolated theoretical science.
From the historical and conceptual perspective, it is proven that
physics has influenced the comprehension of the universe from the
microcosm defined by quantum physics to the macrocosm

determined by general relativity.

Moreover, the interrelation of physics with other branches of natural
sciences including chemistry, biology, and earth sciences is
revealed. The science of physics lays the basic laws on which these
sciences are constructed. From a practical perspective, it is
apparent that physical applications play the major role as the engine

of the following industrial and technological revolutions, ranging from
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energy production, communications, and electronics to medicine
and its diagnostics and treatment techniques. Finally, physics
remains the cornerstone of dealing with future problems such as

guantum computing, nuclear fusion, and sustainable energy.

Second: Recommendations

According to the information and results analyzed in this work, the

following recommendations are made:

Curricula improvement: Creating curricula for schools and
universities that will be devoted to establishing links between
theoretical knowledge and its practical application as well as

implementation into modern technology.

Research and interdisciplinary approach: Encouraging research
programs which will involve physics and other sciences (biophysics
and medical physics), thus providing solutions to health and

environment problems.

Development of future technologies: Improving financial and
educational background of research on quantum computers,

renewable energy sources and superconductors.

Popularizing science: Creating scientific content that will make it

easier for non-experts to understand the basics of physics.

Recommendations for Educational and Academic
Institutions

1-Curriculum Modernization: Modernize physics curriculum for

university as well as pre-university students in a way that allows
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theory to be applied to reality. In other words, move away from

teaching theory alone.

2-Interdisciplinary Education: Develop academic programs in which
physics is integrated with other fields of science, such as biophysics

or medical physics.

Recommendations for Research and Development
(R&D) Centers

1-Funding Forward-Looking Research: Allocate money and
resources towards conducting research on emerging technologies
such as quantum computers, nuclear fusion, and room-temperature

superconductors.

2-Multidisciplinary Collaborative Research: Create research teams
that include physicists, engineers, and medical doctors in order to

find creative solutions to healthcare and environmental problems.

Recommendations for Decision-Makers and Policy
Executives

1-Encouraging Sustainable Energy Technologies Investments:
Create strategies that encourage the use of physics in sustainable
energy and nanotechnology for tackling the issues of climate change

and energy crisis.

2-Popularizing Science and Promoting Scientific Awareness:
Encourage national programs and media channels that explain

physics in simple language for everyone to understand.
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Abstract

This chapter examines photon—atom interaction processes,
emphasizing photoelectric absorption, elastic and inelastic
scattering, and processes associated with inner-shell vacancies. It
begins with energy and momentum transfer among photons, atomic
electrons, and nuclei, distinguishing the principal mechanisms
governing the interaction of radiation with matter. Diagrams and
equations connect the physical description with parameters used in
guantitative treatment.

The chapter discusses creation and decay of inner-shell vacancies
through radiative, Auger, and Coster—Kronig transitions.
Fluorescence Yyields, transition probabilities, fractional emission
rates, photoionization cross-sections, and X-ray production cross-
sections are considered. Mathematical relationships show how
these quantities enter calculations of radiation from shells and
subshells while clarifying differences among absorption and
scattering processes.

Further sections address resonant Raman scattering and alignment
of inner-shell vacancies. Theoretical treatment of anisotropy uses
density matrices and statistical tensors, followed by discussion of
angular distributions and polarization of characteristic X-rays. These
properties are related to transition probabilities and the assumptions
of the treatment. The contribution is a structured presentation of
physical foundations and quantitative relationships needed to
understand photon—atom interactions, particularly X-ray processes
and inner-shell transitions. The chapter preserves the connection
between equations and their stated assumptions and
approximations. The relationships are therefore not presented as a
single unrestricted description of all energies and atomic systems,
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but as tools whose interpretation depends on their domain and
conditions of application.

Keywords: Photon—atom interaction; Photoionization; X-rays; Inner-shell
vacancies; Angular distribution

1.1 Introduction
A photon characterized by energy E (= h v = hc/A where h is

Planck's constant and c is the speed of light in vacuum) can interact
with matter through different processes involving its interaction with
the atomic electrons and nucleus. The major processes of
interaction of photons with matter are the photoelectric effect, the
elastic and inelastic scattering and the pair production. These basic
photon-atom interaction processes are depicted in Fig. 1.1. When a
photon strikes a bound electron with energy greater than the binding
energy of the electron in its shell, whole of the photon energy is
transferred to the electron. The electron is ejected from the atom
with energy of the interacting photon minus the binding energy of the
electron. The interaction is known as photoelectric process. The
incident photon gets scattered from the interacting atom with or
without losing energy. The process in which energy of the scattered
photon remains the same as that of the incident photon, only the
momentum is transferred, i.e., direction of the scattered photon
changes, is called elastic scattering. The elastic scattering of
photons by an atom is considered as a coherent sum of
contributions from bound electrons (Rayleigh scattering), nucleus
(nuclear Thomson and nuclear resonance scattering) and from the

vacuum fluctuations (Delbrtick scattering). At lower photon energies,
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the elastic scattering from the bound electron gives the dominant
contribution to the photon-atom scattering amplitude known as
Rayleigh scattering. The scattering of the incident photons by the
nucleus considered as a point charge is known as nuclear Thomson
scattering. The scattering of photons from a virtual electron-positron

pair created in the field of nucleus is called Delbriick scattering.

v »
. Incident Photon ‘T@
Incident Photon >
> @
v »
Incident Photon & N -
> Incident Photon @
- >
’ N
Photoelectric
Absorption Rayleigh

scattering

Compton Scattering
Pair Production

Fig. 1.1. Basic photon-atom interaction processes in the X-ray

energy region.

Another process of elastic scattering from the nucleus is nuclear
resonance scattering in which an incident photon excites the nuclear
energy levels (lying not more than a few keV above the ground
state) and subsequently the excited energy is re-emitted. This,
however, requires the establishment of a resonant condition

between the absorbing nuclei and incident photons. Nuclear
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Thomson scattering becomes important with increasing atomic
number (Z) and becomes relatively important compared to the
Rayleigh scattering at large scattering angles and high photon
energies. The process in which energy as well as momentum of the
scattered photon changes is called inelastic scattering. In this
process, the interacting electron gets excited or ionized by gaining a
part of energy of the incident photon. Inelastic process resulting in
ionization of the atom is called Compton scattering and that resulting
in excitation of the atom is called Raman scattering. Another feature
of the inelastic-scatter photon spectrum is infrared divergence (IRD)
[1, 2], which has been interpreted as an intra-atomic bremsstrahlung
resulting from acceleration of the photoelectrons inside the atomic
field. The other process of interaction of photon with matter is the
pair production. It can occur when the energy of incident photon
exceeds 2moc? (> 1.02 MeV), it interacts with atom near the
Coulomb field of a nucleus and the incident photon disappears with
the creation of an electron-hole pair. The basics of photon-atom
interaction in the X-ray energy region and the subsequent processes

are discussed below.

1.2 Photoelectric effect
The photoelectric effect is a photon absorption interaction and is one

of the predominant interactions in the energy range of 1-200 keV. In
this process, the incident photon interacts with an orbital electron in
such a way that it loses all of its energy and the photon annihilates.

Some of the photon energy is used to overcome the electron binding
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energy while the remainder is imparted to the electron as kinetic
energy. This process can occur only when the energy of the incident
photon is greater than the binding energy of the electron to be
removed. Photoelectric effect occurs with the bound electrons, the
K-shell electrons, being the most tightly bound, make the greatest
contribution to the photoelectric absorption, followed by the L, M, N
shells etc., in decreasing order of importance. The probability of
photoelectric absorption depends on the photon energy and the
atomic number (Z) of the atom. The probability for vacancy
production is greatest when the incident photon energy is just above
the critical energy, i.e., the binding energy of the element. The
probability then decreases as inverse cube of the incident photon
energy (E). The probability for the photoelectric absorption increases
with decreasing the photon energy until absorption edge is reached.
In passing the absorption edge, lesser number of electrons are
available for absorption and the probability of the process decreases

sharply.

1.3 Inner-shell vacancy creation and subsequent
transitions

The atomic inner shell/sub-shell vacancies can be created by the
nuclear decay processes as internal conversion or orbital electron
capture, or from the interaction of the atomic electrons with photons
and charged particles. The inner shell/subshell vacancy created in
the photoionization process is rapidly filled by an electron from the

higher shell, thereby shifting the inner-shell vacancy to the higher-
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shell and the energy difference in the initial and final state binding
energy decays either through the radiative (X-ray emission) or the
non-radiative [Auger or Coster-Kronig (CK)] transitions. The
radiative and non-radiative transitions following shell/sub-shell

vacancy decay are shown in Fig. 1.2.
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Fig.1.2. Schematic diagram for (a) Radiative, (b) Auger, (c) CK and

(d) Super CK transitions.

Investigations following the photoionization provide a direct method
for an accurate determination of the vacancy decay parameters. In
the radiative transitions, an electron from an intermediate or outer-
shell fills the inner-shell vacancy thereby shifting the inner-shell
vacancy to a higher-shell. The energy difference between the initial
and the final state is carried away by a photon resulting in the

emission of the characteristic X-ray provided the selection rules are
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satisfied. The most intense X-rays create the electric dipole radiation
and the corresponding transitions are governed by the selection
rules, An=z1,Al=x1and Aj=0, = 1 are satisfied; where An, Al,
and A j are the changes in the principle quantum number (n), orbital
angular number (I) and total angular momentum quantum number (j
= | £ s), respectively, of the electron undergoing transition for de-
excitation of the state. The transitions with j varying as 0—0 are
forbidden, The transitions which are forbidden as electric dipole
radiation may appear as multipole radiation, e.g., electric quadrupole
transitions (An=1,Al=00r £2,Aj=0,%£1 or x 2) provided the
transitions with j varying as 0—0 are forbidden). The allowed
transitions involved in some of the typical K, L, and M X-ray groups
are shown in Fig. 1.3. The nomenclature of the allowed transitions
involved in some of the typical K, L and M X-ray groups are also

givenin Table 1.1.

In the non-radiative transitions, an electron from the outer-shell fills
the initial vacancy and the available energy is used to eject another
electron from the outer-shell. The Auger transitions are denoted by
the shells and subshells involved in the process, e.g., the Li-
subshell vacancy is filled by an electron from the M:-subshell of the
M-shell followed by the emission of another electron from the Ms-
subshell of the same shell, and it is denoted by LiMiMs Auger
transition. Auger process is used to describe those transitions in
which an atomic shell /subshell leads to two vacancies in one or two

different principal shells. The transitions where one of the two
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vacancies produced in radiationless decay is in a different subshell
of the same principal shell that contained the initial vacancy are
called the Coster-Kronig (CK) transitions. The transitions where
initial vacancy decay results in two vacancies in the subshells of the
same principal shell that contained the initial vacancy, are called
Super Coster-Kronig (SCK) transitions (Fig. 1.2). For the theoretical
explanation of the radiationless transitions, the production and the
de-excitation of inner-shell vacancies is assumed as a two step
process, i.e., the decay is separated from the excitation. This
assumption is valid only when the incident photon energy is well

above the ionization threshold.
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Fig. 1.3 Energy level diagram showing some possible K, L and M

shell X-ray transitions.
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1.4 Physical parameters for inner-shell vacancy decay
processes

An atom with a vacancy in its shell/subshell is in an excited state.
The life time (1) of this state is related to the total width 't of the
level involved by the Heisenberg uncertainty principle: I+ =% /r. The
decay probability 7/r = It /7 of an atomic hole state is commonly
given in unites of electron volts over Plank's constant. Assuming that
the different modes of the decay are independent of each other, the
total width '+ can be expressed as the sum of the partial widths of all
the processes by which the level can decay. Therefore the total
width for the atomic excited state is given by
[T=Tr+Ta+cx (1.1)

where the subscripts R, A and CK denote the radiative, Auger and
Coster-Kronig transitions, respectively.

Table 1.1: Nomenclature of X-rays for selected electron transitions.

Subshell with Sub-shell with initial vacancy

final vacancy g L1 Lo Ls M1 M2 Mz Mg Ms

Li (2s112) Ka:

Li (2p1r2) Ka

Lin (2p3r2)

Mi (3s1/2) Ly L,
M (3p12) Kgs  Lgpa Lt

M (3p3r2) Kgr  Lgs Lgizin Ls1
Miv(3dz/2) Kgsin Lgio Lpgr  Laz

Mv (3ds/2) Kgsz  Lpo Loy
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Ni (4s1/2) Lys Lge
Nii (4p12) Kgziz L2 Mm

Nii (4pazr2) Kpziz Ly3

Niv (4d3/2) Kpa Ly1 Lgis Mmn Myz2 Ma Mg
Nv (4ds/2) Kpa Lg2 My Ma Mg
Nvi (4fs/2) Lva Mg Ma2
Nvii (4f712) Ma1
O (5s112) Lyan  Lys Ly7 Mm

On (5p12) Kg2iz  Lyarz
Ol (5par2) Kpz/4
Ow (5ds12) Lye Lgs Mm

Ov (5ds12) Lgs Mm

1.4.1 Fluorescence yields, Auger and CK transition
probabilities

The fluorescence yield (wi) or the photon emission yield may be
defined as the probability that a vacancy in a shell/subshell is filled
through a radiative transition. In terms of radiative partial width (/'r)
and total width (/'7), the fluorescence yield is defined as

_Ir

T @2
Thus the fluorescence yield of a shell is equal to the number of

w;

photons emitted when vacancies in the shell are filled, divided by the
total number of primary vacancies in the shell. The L-shell consists
of three subshells and each subshell is accompanied with

fluorescence yield. The fluorescence yields for the three subshells
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Li, L and Ls of the L-shell are denoted as wi w2 and ws,
respectively. Tables of fluorescence yields can be found in the
review by Bambynek et al. [3], the compilations of Krause [4] and
Hubbell et al. [5]. The competing process by which the vacancy in a
shell/subshell is filled through the jump of a higher shell/subshell
electron and the available energy of the transition is directly
transferred to an electron of higher shell thereby causing its ejection.
The probability of occurrence of this process is called the Auger
yield (aj) and is defined as

1A

a; =
It

(1.3)
The three subshells of the L-shell are accompanied with the Auger

yield a1, a2, and as, respectively. For the low atomic number (2)
elements, the Auger process is more probable and for the higher
atomic number elements, the characteristic X-ray emission becomes

more probable.

The probability that a vacancy created in one subshell is filled by
another electron transition from the higher subshell of the same shell
that had the initial vacancy is called the Coster-Kronig yield and is
defined as
fij = IF—TK
(1.4)
The three subshells of L-shell are accompanied with the

fluorescence yield fi2, f23, and fi3, where fi2 is the probability of
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shifting the vacancy in Li-subshell to L2-subshell; all f's are similarly
defined.
The sum of the fluorescence yield (wi), Auger yield (aj), and Coster-
Kronig yield (f;) is unity:

wi +ai + fij =1 (1.5)
For the three subshells Li, L2 and Lz of the L-shell, the sum of

these yields is defined as

wirt+art+f+fiz=1 (1.6)
w2taz+fsa=1 (1.7)
ws+taz=1 (1.8)

McGuire has published the theoretical L- and M-shell radiative,
Auger and CK transition rates and fluorescence yield calculations for
the elements with Z = 20-90 [6,7]. These calculations are based on
the non-relativistic approximate Herman-Skillman (AHS) central
potential. Scofield has calculated the total K- and L-shell radiative
decay rates and the emission rates of the individual X-ray lines
based on the relativistic Hartree-Slater model [8,9] and Dirac-Fock
model (DF) [10,11] for all the elements with 5 <Z < 104. Chen et al.
[12, 13] have calculated the L-shell fluorescence, Auger and CK
yields for the 25 elements with 18 < Z < 96. These calculations are
based on the relativistic Dirac-Hartree-Slater (RDHS) model. Krause
[4] has compiled the semi-empirically fitted values of the Li-subshell
fluorescence, CK and Auger yields for the elements with 12 < Z <
110, based on the experimental data available till 1979. Puri et al.

[14] have reported the Li-subshell fluorescence and CK vyields for the
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elements with 25 < Z < 96, calculated using the radiative transition
rates [9] and the non-radiative transition rates [12] by considering
the cut-offs and onsets of CK transitions [3]. Chen et al. [15] have
thoroughly summarized the theoretical -calculations and the
experimental techniques for determining radiative and non-radiative
yields. Rao [3,16] and Jitschin [17] have described various
techniques for the measurement of the fluorescence yields, Auger
and CK transition probabilities. Recently, Campbell [18] has
compiled the wiand fj values for the elements with 25 < Z < 96 and

provide a set of recommended values.

1.4.2 Fractional X-ray emission rate

Transitions from the higher energy state give rise to emission of
more than one X-rays. The fractional emission rate Fjis defined as
the ratio of radiative rate S; for the ijth X-ray to the total radiative

rate Sir for a vacancy in the ith subshell and is given by:

_ Si
" Sir (1. 9)

Two sets of values for the Li subshell fractional emission rates are

F

available in the literature. First set is based on the Dirac-Hartree-
Slater (DHS) model [9] and the second set is based on the Dirac-
Fock [11]. In the DHS model calculations, the potential was
assumed to be equal for the initial and final states of the atom
undergoing the transition, whereas in DF model calculations, the
potential was assumed to be different in the initial and the final

states and hence the exchange and overlap effects were included in
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these calculations. Campbell and Wang [19] reported a complete set
of interpolated values based on the DF model [11] for all the

elements with 18 £ Z < 94.

1.4.3 Photoionization cross-sections

In the photoionization process, an electron is emitted from an atom
as a result of the absorption of a photon provided the energy of the
incident photon is greater than the binding energy of the emitted
electron. The probability of ejection of photoelectron from any shell
/sub shell measured in terms of the photoionization cross-sections of
the shell/subshell. The most comprehensive and widely used
theoretical calculations on the photoionization cross-sections,
available in the literature, are those based on the Relativistic Dirac-
Hartree-Slater (RDHS) model [20]. In these calculations the
electrons are treated relativistically and are assumed to be moving
in the same Hartree Slater central potential both before and after the
absorption of the photon. The K, L and M shell, L; (i = 1, 2, 3) and M;
(i=1, 2, 3, 4, 5) subshell and the total atom photoionization cross-
section in the energy range 1-1500 keV for elements with Z=
1-101 were included in this tabulation. Werner and Jitschin [21] have
measured photoionization cross-sections of the individual L;
subshell. They observed characteristic dispersion like deviations
from the theoretical predicted and identified these deviations as an
electron-correlation effect, which is neglected in the RDHS
calculations. A few attempts [22,23] have been made to fit the

theoretical and experimental photoionization cross-sections data in
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order to obtain simple analytical functions which can be easily used
in various computer codes. In general, an agreement is observed
between measured and theoretically calculated values within

experimental uncertainties.

1.4.4 X-ray production cross-sections

If %i is the photoionization cross section of the ith subshell, the
probability of emission of ijth X-ray line of a given element at an

excitation energy (E), is termed as X-ray production cross-section(
%) and is given by

O-ij =O'iP w; Fij fij (110)
Where o denotes the ith shell/subshell photoionization cross-

section, “i is the corresponding fluorescence yield, 9F s the

fractional emission rate, f

i is the factor pertaining to the hole
transfer from i to | subshell of the same principle shell, if
energetically allowed. The probability of production of fluorescent X-
rays is measured in the form of X-ray production (XRP) cross-
sections. Measurements of the X-ray production (or fluorescence)
cross-sections are made by measuring the intensity of the emitted
inner-shell fluorescent X-rays (total shell, subshell, individual line or
group of lines depending upon different measurements) when a

target is bombarded with known flux of photons.

The value of the K XRP cross-sections can be calculated as

ok =Py (1.11)
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where %« is the K- shell XRP cross-section, °« is K shell
photoionization cross-section, “« is the K shell fluorescence yield
and Fxis K shell fractional emission rates.

Theoretically the L XRP cross-sections for the Lp X-rays originating

from the decay of L; subshell vacancies can be expressed by the

equations

_ p
O, =0L0 F

W, p=p340910 V2.3 4 (1.12)
oL = (O'Lp2 +0',f’1 f12) w,F,,
(1.13)

—(~p p p p).p
O, = (O'l_1 fis+ o, fiofo+ O, frt+ O, )O-L3 2 sz
)

p=n, ,31, Y1, 5,6

p=1.a, B256715 (1.14)

where ¢ is the photoionization cross-sections [24] for the L, X-rays.
Puri et al. [25] have calculated the K and L shell XRP cross-sections
for elements in the atomic range 35 < Z < 92 for incident photon
energy range 1-200 keV. These calculations are based on the most
reliable parameters, namely, partial photoionization cross-sections
and emission rates of Scofield [24, 10], K and Li shell fluorescence

yields [5], CK transition probabilities based on DHS model [14].

Similarly, the theoretical M; subshell photoionization cross sections,

9w (i = 1-5), are converted into the M X-ray fluorescence cross
sections using the equations

T = om®(1.15)
Oz = [GlelZ +JM2]0)2 (1.16)
Oms =l (s + fio ) oy, T +O—M3]a)3(1.17)

O = [GMl(fM + fpfo + Fafo + ffoafo) + oy, (Fo + s fy) +oysfay +‘7M4]a)4

(1.18)
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O-li(/IS = [O-Ml( f15 + f12 f25 + f13 f35 + fl4 f45 + f12 f23 f35 + f12 f24 f45 + f13 f34 f45 + le f23 f34 f45) +

Ouna(Fos + T Fus + Fog Fag + Fru Ty Fuc )+ Ops (Fag + oy Fus) + Oprs Fug + s s (1.19)
The M; subshell fluorescence vyields (wwi) and the CK transitions
probabilities (fvji ) evaluated using the non-radiative transition rates
based on the relativistic Dirac-Hartree- Slater (DHS) wave functions
[26] along with the radiative transition rates based on the Hartree-

Fock-Slater (HFS) [27] and the Dirac-Fock (DF) model [28], were

used to calculate M X-ray cross-sections, ™ (HFS)and " (DF),
respectively. The SCK transitions are forbidden [26] for the elements
under investigation, therefore the values available for the singly-

ionized atoms can be used in Egns. (1.15) - (1.19).

1.5 Photon- atom elastic scattering processes

The elastic scattering of photon from atom involves no energy
transfer between incident photon and interacting atom but the
momentum is transferred, i.e., direction of the scattered photon
changes. The elastic scattering of photons by an atom can be
considered as a coherent sum of contributions from the nucleus, the
bound electrons and contributions from quantum electrodynamic
(QED) effects. The scattering of the incident electromagnetic
radiation by the nucleus considered as a point charge is called
nuclear Thomson scattering. Another process of elastic scattering
from the nucleus is nuclear resonant scattering in which an incident
photon excites the nuclear energy levels (not more than a few
hundred keV above the ground state) and subsequently the excited

energy is re-emitted. This, however, requires the establishment of a

82



SN atla s dige ol | Akl 5 Apalud) o slell (el

resonant condition between the absorbing nuclei and the incident
photons. The scattering of photons from a virtual electron-positron
pair created in the field of nucleus is called Delbruck scattering. At
low photon energies, elastic scattering (scattering off bound
electrons) is predominant. Nuclear Thomson scattering is important
with increasing Z of the target and is relatively important compared
to Rayleigh scattering at large angle of scattering and photon
energy. The QED effects become important at higher photon
energies. Rayleigh scattering amplitude predominates the total-atom
scattering amplitudes at all scattering angles.QED Delbruck
scattering effects arise due to the elastic scattering of the photons
by Coulomb potential resulting in the creation and subsequent
annihilation of the virtual e-e* pairs. These effects become important
at higher photon energies. In principle, this process can occur for y -
ray energies below 2moc? because the pair can be virtual, i.e., can
have negative energy and need not be observable. Except for heavy
elements and the photon energies above about 1 MeV, the Delbruck
and nuclear resonance scattering are not expected to contribute

significantly to the total elastic scattering.

In a commonly used approximation, the total scattering amplitude is
given by

A = AR+ ANT + ADLANR (1.20)
where AR is the Rayleigh scattering amplitude, AVT is the nuclear
Thomson scattering amplitude, AP is the Delbruck scattering

amplitude and AR is the nuclear resonance scattering amplitude.
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The total atom scattering cross-section is proportional to |AJ%
Independent particle approximation (IPA) method is used for
theoretical calculations for the Rayleigh scattering cross-section.
This method is based on the assumption that all the electrons move
independently in a central potential due to the nucleus and average
effect of the other electrons. This method is inadequate at low
photon energies and for the low-Z elements where the electron

correlations are important.

In case of Rayleigh scattering, the scattering contribution from the
bound electrons in a given atom has definite phase relationship to
each other. Therefore Rayleigh scattering is also known as coherent
scattering. The internal state of the atom is the same after the
scattering process as before, only some momentum has to be

disposed of during the scattering process.

1.6 Photon- atom inelastic scattering processes

Inelastic scattering is a process in which the energy as well as
direction of the scattered changes from that of the incident photon.
In this process, the interacting electron gets excited or ionized by
gaining a part of energy of the incident photon. Inelastic process
resulting in ionization of the atom is called Compton scattering and
that resulting in excitation of the atom is called Raman scattering.
Compton scattering involves the creation of a photon of lower
energy and a recoil electron, whereas Raman scattering involves the
excitation of struck electron to a higher energy unoccupied bound

state. If the excited electron is in a bound state, the process results
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in a sharp and symmetric peak and is called resonant Raman
scattering (RRS). If the electron is in the continuum state, the
process results in a broad and asymmetric peak and is called
Raman Compton scattering (RRC). A general theoretical prediction
that the inelastic scattering cross-section should increase with
decreasing energy of the scattered photons in the low energy limit is

called infra-red divergence (IRD) [1, 2].

1.6.1 Resonant Raman Scattering

When energy of the incoming photons (Ein) approaches the
ionization threshold of the atom from below, the photon inelastic
scattering exhibits a resonant behaviour known as resonant Raman
scattering (RRS), which further evolves gradually into fluorescence
till ionization threshold is surpassed and the fluorescence line is fully
developed. Resonant Raman scattering is an inelastic scattering
process and is special contribution to the Compton scattering by
bound electrons. In the X-ray energy region, the resonant Raman
Scattering (RRS) process is a reminiscent of the red-shifted Stokes

peak in optical Raman scattering.

According to basic quantum mechanics of the processes involved,
the interaction Hamiltonian between the photon and an electron is of
the form

2 e

H'= - AZ———p.A
2™ M (1.21)

In this expression electron spin term is excluded. The A? term

accounts for the elastic, Compton and normal Raman scattering.The
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p.A term (where 'p' is the electron momentum and 'A' the vector
potential of the incident electromagnetic wave) in the interaction
Hamiltonian between the incident photon and the atomic electron
accounts for existence of the resonant Raman scattering. This term
is taken at the second order of the perturbation theory [29, 30]. The
resonant Raman effect was observed for the first time by Sparks
[30] and explained later by Bannet and Freund [31]. The RRS
process in the case where the incident X-ray beam approaches from
below the K-shell of target elements is shown schematically in Fig.
1.4. The RRS process involves creation of a virtual hole in the
intermediate state with the corresponding electron excited in an
unoccupied state; simultaneously, the hole is filled by an electron
from higher shell, which proceeds by the X-ray, Auger (intershell
vacancy transfer), and Coster-Kronig (CK) (intrashell vacancy
transfer) transitions analogous to the ones observed in the decay of
a real vacancy produced through the photoionization or Compton

scattering processes.

When the incident photon has energy below to the K absorption

edge and the K hole is filled by an electron from the L shell, the

process is known as KL RRS. The incident photon has energy @
lower than the Uk energy of the K shell threshold; the energy of the
incident photon is absorbed by a K shell electron producing a hole
and an electron in the continuum with kinetic energy Te. The K shell
vacancy is filled by an electron from the L shell (UL being the energy

of the L shell threshold) and a scattered photon is emitted with
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energy "®: . The conservation of energy between initial and final
states requires the available energy "®:- U to be shared between

the outgoing electron Te and the emitted photon”®:. The energy
conservation for the scattering process leads to
ho, U —E,. =ho, +Te(1.22)

where Er is the Fermi energy. The Fermi energy is also included in
the equation but in practice can be neglected since its value is small.
However, it should be considered when metal compounds are
analysed. Depending to the shell in which a hole is created in the
intermediate and final state respectively, the RRS process known as
KL-RRS, KM-RRS, KN-RRS, and LM-RRS etc. Different aspects of
the RRS process along with its applications have been discussed by
Sparks and Ice [30], Manninen [32], and Tulkki and Aberg [33]. The
energy conservation between the initial and final states of the

process implies that RRS spectrum should exhibit a cutoff energy
(ho, )maxgiven by equation

(1, ) =00, =U (1.23)

The energy (he, )

max cOrresponds to the case of an emitted electron
having zero kinetic energy. If the element participates in chemical
bonding, the shift of its UL binding energy to slightly higher energies
will be directly reflected in shift of the high energy RRS threshold to
a lower energy. More specifically, if A Ep is the perturbation in L-
shell binding energy due to the chemical bonding, the maximum

RRS energy from an atom bound in a molecule will be given by
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(ha)z)max =hay _(UL +AEb) (1.24)
The shift to a lower maximum scattered energy will result in
decrease in the total RRS intensity, since a slice from the RRS

distribution with width equal to A Ey will be cut.

A
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Fig. 1.4: Schematic diagram for the KL> radiative resonant Raman

scattering process.

Creagh and Hubbell [34] have developed a computer program,
XCOM, which is based on conclusions developed from comparisons
with the available measurements, and evaluates cross sections for
various processes contributing to photon attenuation in elements,
compounds or mixtures at energies from 1 keV to 100 GeV. The
XCOM cross section values in the X-ray energy region includes
photoionization cross sections taken from Scofield [24], the Rayleigh
scattering based on the relativistic form-factor (RFF) compilations

[35], and the Compton scattering based on Klein-Nishina formula
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after including the incoherent scattering function (ISF) [36]. Most of
the theoretical calculations for the photoionization and scattering
processes have been established to be reliable at the photon
energies away from the ionization thresholds. Current theoretical
efforts for the Rayleigh and Compton scattering contributions are

focused on the second-order relativistic S-matrix formalism [2,35].

1.7 Alignment of inner shell vacancies

In case the inner shell vacancy created by photoionization
corresponds to shell/subshell having total angular momentum J >
1/2, the ionized atom is said to be aligned, i.e., it has unequal
population of different substates depending upon the magnitude of
the magnetic quantum number (M;). Experimentally, the alignment
of ionized atom can be manifested either via degree of linear
polarization of the fluorescence radiation or angular distribution of
the fluorescence radiation/Auger electrons emission. Alignment of
ionized atom produced following direct photoionization by
unpolarized radiation has been investigated theoretically by various

workers [37-45].

1.7.1 Theoretical formulation of the anisotropy
parameter

Angular distribution studies of the characteristic X-rays resulting
from the radiative decay of inner shell vacancies give us the
alignment parameter of the vacancy states induced in an ion atom
collision. It is now well established that vacancies created by ion

atom collision in states with J > 1/2 are aligned [37] and the X-ray
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emission following the decay of these states is anisotropic and
polarized. But in the case of photon induced ionization, the situation
is not very clear. In 1960, Cooper and Zare [38] first put forward their
theoretical model advocating that photon induced ions will not be
aligned at all and so the angular distribution of Auger electron or the
characteristic radiation will be isotropic. In 1972, Flugge et al. [39]
predicted that when vacancies are created in the states with J > 5,
the resulting ions will be aligned their results were later supported by
the theoretical works of Jacob. [40], Oh and Pratt [41], Scofield [42],
Berezhko et al. [43], Kleiman and Lohmann [44] and recently by

Kleiman and Becker [45].

In the following subsection, theoretical treatments of the anisotropy
and alignment parameter as developed by Berezhko et al. [43] are

described.

1.7.2 Use of density matrix and statistical tensors

Theoretically, the most convenient and general tool suitable for
analyzing the alignment of the ion state and the anisotropy of the
angular distribution of photons and Auger electron is the density-
matrix and statistical tensor formulism. The anisotropy of the ion
state with total angular momentum J. and with a vacancy in the
inner shell will be specified by the statistical tensors p,., (J.,J.).These
are related to the density matrix for the final state in the

photoionization process by the relation

Pri Ucv]c) = Z (_1)]C_Mé (]cMc]c - M’clkk) f de(V]cMcsms|ppf|V]cM,c5msp> (1'25)

7
Mc,M' cm
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where s, ms and p are the spin, spin projection and momentum of
the photoelectron. M. is the projection of the total angular
momentum of the ion and y are all the other quantum numbers
characterizing the ion state. The photoionization process is
considered in a frame with z axis (quantisation axis) along the
incident photon beam direction. The summation over mgand the
integration over all directions of photoelectric emission correspond
to experiments in which the photoelectric is not detected.

The matrix elements of the density matrix (yJ.M.smsp|p;|y]-Mismsp)
can be expressed in terms of matrix elements of the electromagnetic
field multipole operators and statistical tensors of the photon and the
atom in the initial state. In this case, Berezhko et al. [43] made the
following simplifying assumptions:

() The target atoms are assumed to have completely closed
subshells; In this case, the initial state of the atom has total angular
momentum J, = 0 and the angular momentum of the ion in the final

state is equal to that of the vacancy |, namely, J.=].
(i) Only the dipole photoabsorption was considered.
(iif) Spin-orbit interaction for photoabsorbtion was neglected.

With these assumptions the following relation expressed the

statistical tensors of the ion
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. I k |
(¢ n.)(—1) 2 (61+3) 1.
J 5 J

Ik IMn|2+I k |Mn,z
X
T T 1 e I O PP

where «= 1/137 is the fine structure constant, a, the Bohr radius, |, j

47zaa

pkK(J C’Jc)_

5y PrelD)  (1.26)

are the orbital and total angular moment of the vacancy formed,

{a b c}
d e 1)are the Racah coefficients, &n , € are the electron energies

( in Rydbergs) in the bound and continuum state “kx (1,1) are the
statistical tensors of the incident photons, and M7., are the
reduced transition matrix elements can be calculated using the
independent-particle model with a spherically symmetric self-

consistent potential.

I k |
Ara? lejes
pr(Jedo)= 30“ (e—¢)(-D) 2(61+3)j

2
2

|I K R |+1 Ko R 2
X {l 11 1}( nl.d 1) +(1+ ){ 111 l}( nl,d+1)
X8, | LD (1.27)

where Rnea:r are the single- particle radial integrals

nI d+1 — IPnI rPsHl
0 ; Pni(r) and Pgx1(r) are the radial wavefunctions

of electron in the bound state and in the continuum. The anisotropy
of X-rays and Auger electrons and the polarization of the X-rays are

usually expressed in terms of tensors Ay, = pue /Poo- Taking into
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account the normalization Tr (p) = 1, following relations will be

obtained

poo (1,1) =1/v3 P20 (1,1) = 1/V6 P10
(1,1) =P; /N2

P11 (1, 1) = p2:1(1,1) =0 p2:2(1,1) = % (P iP2)

(1.28)

where P1, P> and Pz are the Stoke’s parameters. If the initial photon
beam is unpolarised (P1 = P2 = Pz = 0), then the only non-zero
tensor of the non-zero rank is 4,, which can be expressed by the

following equation.

. WY 2 1
AZO:(—l)'+”z(2I+1)(6JZ 3) {j 1 j}x

2
(. 2 el 2 1}(Rm,d+l)j[| R f + 04 2)Ry 0P @29)

1.7.3 Angular distribution and polarization of
characteristic X-rays

If the aligned ion with a vacancy in the inner-shells emits a photon
and the ion in its final state is not detected, the angular distribution

of emitted X-rays can be written in the general form as [46].

w(o.0) = Nax pllila)pliefla) (-1

11 b . :
xZ—{ “ }pko(a,a)CKk(l,l)YKk(B,Q)) (1.30)

Kla | K
Kk

Here a, b, | are the total angular moment of the initial and final states

of the ion and of the radiation, (b||l||a) denotes the decay amplitudes
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and Cg, (1, 1) are the radiation parameters. If the polarization of the
photon is not detected then the radiation parameters can be written

as.

* ' i _ ' +(-1)f
Ca(tL 1) = =0l L HECD s 1)

2

Here | and " are the total angular momentum, i.e., the multiplicity of
the photon, f=1+1+m+n'+ K where r = 0 for electric
radiation and =1 for magnetic radiation. Equation (1.30) and (1.31)

are general expressions. For electric dipole radiation,

W(0) = 22[1 + BP,(cos 6)](1.32)

41
where W, denotes the total probability for photon emission in a unite
time. B is the coefficient of anisotropy and is given by

B = a”PZO/Poo = aA2(1.33)

where o =./3/2a (—1)““’“{611 61‘ 12’} . The coefficient «"depends

only on the total angular momenta of the initial and final states of the
ion from equations (1.32) and (1.33) we see that the angular
distribution of characteristic X-rays can be anisotropic and the
coefficient of anisotropy is proportional to the degree of alignment

Az.
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Abstract

This chapter examines organic and inorganic chemistry through
molecular structure, properties, classification, reactions, and
applications, emphasizing connections between the two branches. It
introduces the role of carbon, bonding, and functional groups in
organic compounds, then reviews classifications and reactions that
clarify relationships between structure and function. Formulas,
illustrations, and examples distinguish major chemical categories.

Inorganic compounds are discussed through metals, complexes,
oxides, acids, bases, and salts. Their properties are connected to
uses in industry, agriculture, energy, environmental applications,
advanced materials, and the medical examples addressed in the
source. Developments in organometallic and bioinorganic chemistry
illustrate interaction between the branches rather than an absolute
separation.

The chapter considers how integrated chemical knowledge supports
the design of materials with selected properties, including polymers,
nanomaterials, catalysts, and systems for pollutant treatment.
Comparative tables relate differences in applications to shared
guestions about composition, reactions, and performance. The
concluding discussion emphasizes the value of combining chemical
perspectives when approaching scientific and technical problems
and presents prospective directions considered in the chapter. The
contribution is a structured educational introduction to organic and
inorganic compounds and their application pathways. It does not
present every example as a new experimental result of the author or
remove the need to consider preparation conditions, verification, and
safety when moving from conceptual explanation to practical
chemical use.
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(Housecroft & Sharpe, 2! slls (alaa¥l s clall pa Leleldi dapla e Cayiall 13a
.2018)
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el ) 5 zla 3l 5 Crian) delia Jia dgeliall cliplaill e aasll 8 20lSY) aaiiu
* (TiO) pslil) 3ush 5 (ZNO) i3l 200l Jio & sl 20dSY) Gany Jaxi LS
saliaall o sall s ¢ jleiiuV) 5 jeals hmndid)l (35 AalY) (pe LB O jianiie apial

.(Miessler et al., 2014) LSl

Acids alaaly) (Ll
Juiinl Sl aid gy Akl Wy (H)om sonedl lisl mie o 5,0l ol e & Galaal)
@ Aediudl Gpmall pe GO sl e aads Gusl Akl By S5 #)
oyl 5 el (mens iy Sl aen W edl ey il Clelivally i)
(il o) aiaiy ool dESy Baand) Fll 4 pmleal) Jas ol il (e
(Shriver & . el ddaill Gllee (e paall L aodind LS ) gall Clelivall

Atkins, 2014)

Bases ac ) g8ty LN
i gy Ay kil G885 alall Jillaall 8 (OH7) e s yaed) il sl i LS e 4 20 53l
1S 5500 5 o g eall Mgy W edl Gay Lomsl Aol Wy gyl Jdid
el s Y (0 K35 Galea ) Aalaa o ety Saciiy casndlSll 2S5 0 5 o gl 5ol
Clelually olull dallaay Goslly clibidly Gaball delua 4 aclgll andid

.(Housecroft & Sharpe, 2018) .AsbwsS 5 il

Salts oY slal
OSays Al yeal b Adari ye Al s A e sl (g Bale (oS08 A gl LS 50 (& ZOY)
S g s ZOkY) ey el @l pe (aleal) Jeli Lgie dilide (33l W jumad
Gleliall 8 ~OlY) axsind L 45 5Sall il oY) daglal g Alaasll 5 4l 3l sl a0
Gllaall s ddpdall Ol jeastidly il jUadly ol AdTy aenY)  jucasdy duilial)

. (Miessler et al., 2014) . 4lisal 4eliall
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Hydrides Gl ued) lwald
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.(Housecroft & Sharpe, 2018)
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g guaal) g S pall et 1(2-1) J8&
A8l LS yall

Coordination Compounds
3 Aipaall aglall 8 1580 17 sk Ay ae M el g g 58 ST (e Al elaasSll 228
sl iy sall e de sane e 433l 550 o) (sl dal ) Aaii 0 5SH A) GLS pall Ay Qi
Gyl e L3 o(Ligands) lalSullly Capad il g i€ 25y dailall cligY)
o Caaual 35 (Coordination Compounds) —Aiwlill culiiaall i il yally
A Y lpalbad s LSl g 58 cun Apalall Gl Al GYY 1)5me LSl
A sonl) sLaslly e liall sLall 8 daal ) Lgilipdat L)) ddla) didall 5 dplaliaall
.(Miessler et al., 2014) Al y cd8Uall 5 el gall o gle g calall
Jisi 8 3la o Lo Jaan s «cliS pall 038 (S i il 3 53 pd 3y jill 4 plas Cacgd S8
dad Cua laaall e )l Al s GuliEll 2xe o gede Cinia gl 3 1913 ol bl
4ty bl sl 8 anlial aal e (Coordination Number) sl sl
b bl by emy i) 232l s s S el NI 5 e Ayl Asilad) <l 3 aae
JEN e 63 e dpnain JISEL Aabisal) aulsll dacll lag 5 Cua caieall gl JS
Square planar sl @4l « Tetrahedral g skl el 5« Linear bl
Sl ans Leadl (e abaaie Jalse e aaall 13 adiny s Octahedral ¢ shad) Sl ¢
(Housecroft & el &l s duy jSIyl Jal sall g il dnpla g cafindi g ¢g 38 all
.Sharpe, 2018)
siall 8 aaaind Gl g b A g S 5 dplalina g Ay ey (al s A A Calaieall g
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Lganl) y Ay gl ) gal
inorganic nanomaterials

Lo Glle 5 ¢l (gl & ST g 13ad 5 130) Sllia o) g Lesh W sae 4y il o) gall ol
Aailall gy il 8 nm 100—1 oty (Blas addiug
LeSlie) e 3 5aY) @l idl JMA 13 i Gldia) G gcanll e 3oLl o gl Chagd
33l ) s Clapuad) aaa jra 4o Al Lilla b salall el 52 (e b )da i Ual &
.(Ratner & Ratner, 2021) sa>all ) dsdand) daliall 4o
23 gal) ol el ha g
(ZnO) iV psl
(TIOz) pssliall 2usl S5
(Fe30,) ubliaall yaall 2usl - o
(CeO0y) psimadl 28l o
(AgNPs) &gl dadll
(AUNPS) (s 5Ll Cadl .
3l gall 5 Al ol Jaaall 5 el LA ¢ Hlaliin) 5 jeal ariai o sall 028 Jaig
(Ratner 4sall <l slall 413) 5 colsall Aallaa s col sall S 8 Aadail 5 ety 5 Saall 33l
.& Ratner, 2021)
L)y S pall Auily ) (a) g3

Physical properties of inorganic compounds
QS il g Aibasll jual V) g g8 DAL Ay el e LS jall 400 5l Gl sad) Calias
Clapn G panll je CLS jall Alle Spatis Leay S b A paliall dapla s (5 50)
dpaalud s dpigl sealsl agas dagt dygcanll LS el & i dadye Ll 5 leal

.(Housecroft & Sharpe, 2018) a &5 € dila allati 4, 8 403
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Otadl g Jlpal¥l Sl a1
Melting and boiling points
Gl B Aafise ey el Gla 2lSY ZOY) alaee Sl
ola Aa ) v agnseall 3 Heal (Ul duw Jed U] (Sl 5 5eS)
alia lebany Lea ¢ S el leaai) s oy 4500 adSY) et Leiy «801°C s
(Shriver & 3)l,all daglall Al gally clial pudl g 4l jall Gleliall 4 alasindl

Atkins, 2014)

Solubility Axily gl 2
oL el dgdad g Al 5 al) dapl o 4yl e LS ) Al 53 aaiad
Slsall ALE 5 S5 Laiy b VL elall @il da Adala) Ao eldl 8 ol Lo Ulle 4y 50V
Jeads ¢ Plaasll Jdatll cilidae (8 &5 e AnlsAl) A jee iy Ay gl ciludall

.(Miessler et al., 2014) axlall Jillaall s g oS Hall

electrical conductivity (L) Juasill 3
Jasi s 2 pmall e LSl Gaibad aal e slyeSl Juag o 506l 2l
DL A diasi Laiy AS all 5 oa il i) 2 ga s Aai daliall Al & ol <l
A S8 s A eligY) A8 a cu slall B Lld ol e leaail die 3L ,eS)

.(Housecroft & Sharpe, 2018) 4lall Al 4 Jua sl

Magnetic properties dsublizal gal Al 4
2o Y s e i Boblie Uals Tpaadl e LSyl a5l
Pl 5 Aglalina )l s Apulalinally LS ja ) anis @lldy ¢ 38 pall DB A ds 533l
Lilu g ¢ oabalizall oyl seaill 3 3¢l s dpblingl o sall aeai 8 Gailiadll oia

(Miessler et al., 2014) <l oy ja3
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& piand) i S pall dpibiassl) (al i)

Chemical properties of inorganic compounds
aliall 5zl Y1 ) il DA A ApLa ) LeiDle i ¢ gt Ay puanll e LS el a
roh L cdle il oda aal Jadiiy g 3 & Adaal
JIHAY) g Basl) edlelds |1

oxidation-reduction reactions

ity gl e claSl 8 1 gt cOleliil) ST e JIFRY) 32uSY) Eleld 2
JSU el el 8 Gulad 1550 coaliy clleliial) o gl (g oy Sy Qe
(Housecroft & Sharpe, Ssall dialls golall (anll s ol 3l jadlaiul
.2018)

2Na (s) + C12 (g —» 2NacCl (S)

Neutralization reactions Jasill adelds 2
Cleliall 8 del 5 3 smy addindy celay zele (258 B2l pa praeall Jelis aie Ciaas
Leliall cllend) 3 i g snell (Y dasa s coliall dallaa s (Sl jaants il
.(Shriver & Atkins, 2014)

HCl1 (aq) + NaOH (aq) — NaCl (aq) + HzO )
precipitation reactions e All <elds |3
b el oda andind g ol sAll Jal8 ol y (5 oS8 J laall 8 A il gl aladl die i
(Miessler et < slal) a1 3] 5 slaall 435 85 cleland g ili Y] (e adSU dllail) oLa
.al., 2014)

AgNO3 (aq) + NaCl (aq) — AgC1 (s) i + NaNO3 (aq)
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Complex interactions @lidzal) cilelds 4
bl cdle el o2 a2y 63 e A8l Cilaiee (581 IS a4y 3181 5N Jolis
450 mpanaiy eluall jaalls o Abasll Jdadll 8 andid 3 diaal) Aaulll LSl

.(Housecroft & Sharpe, 2018) <l s_Suall 5 ol 5 55U s3liadll
MnCl, .4H,0 + 2H,0 — [Mn(H,0),]Cl,

Ly anl) e o pal) iyl

Applications of inorganic compounds
Medical applications dhal) cilipdatl) 1Y f
Oe aad) apiai 8 Jax 3) cyaal) Gl (e Galad 12 a4 paell e LS ) il
gie * (Cisplatin) OS] pasind (JAal i (ad ool Mgy 4 50Y)
Al Aeliall (ol yal s z0le 3 ) LS je i LS ol jull (e Baxxie &) il
LSl 5 Al gall ) pumaiunall (& 6l g o grsinall 5 o sl g aaal) LS je J25 Ly
.(Housecroft & Sharpe, 2018) auall & &) paliall (ai (i ool 451321
(sl ZMl s el pall Jua i Aadail 8 Coleall anlSY 4l Cilapeal) aadid LS
8 pae Al Ayl (alliady 3 S Al dalue e 4aShia Wl ohll il

.(Ratner & Ratner, 2021)
Ao lial) cilipdatl) (Ll

Industrial applications

(el Zl) A Jasi 3 diaall cleliall o8l 2 sel) 4 pandl ye LS all Jiad
Giluadl s (Blagall oladly b Uadly ccblaally aan¥ly il yudly zla il
cleliall e 2l 8l i 4 5l aulSY) a0 LS JSEI A glaall ol sall 5 cigiaeal)

.(Shriver & Atkins, 2014) < sl pll delia 5 4ilas 5 il
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de )50 cldadatl) (UG

agricultural applications

saanY) aial MR (e ol 3l 2 WY Gaund 8 Lge 150 By uaall e LS yall Caals
ca sl sl 5 s sill g g yil) Jie Al 4010 jualially bl o 5 ) dpiaeal)
g LSl (any JAd LS il @bl saall Jie s rall pualiall ) dale)
Joalaall fjlea & deadiuall 4y pdall Glagally 4y ladll Clagall aiial 3 4y suaall

.(Miessler et al., 2014) 4=, 3\

Energy applications 4duall iy :layl
Jas Gy (Aipaal) Al Cilys 8 Leddial) o) sall adl (e Ay gaanll e ClS el Canpal
3 gall 5 AN S 5 Apadl) UIAD 5 a5l LA 5 ¢ sal-p silll iy jlay apiad 8
LY D @ jiaall sk 8 AJEEY] N aulSl sl LS 3 g g S
.(Housecroft & Sharpe, 2018) s2aaiall A8Uall (3 3355 (a5 gl
digd) clddatl) sLeald

Environmental applications
el 41315 ¢ omaall Capaall slia sy ol olae dallan 4y sumall e LS all padid
alatinly i glall gual) Jlaill el dady cel sell Aty iy garmall cli glall 5 AL
L gl 8 Ay pumall e 4 U ) gall agaii LS (THO,) potiliiil) 2T A Jia ) e

.(Ratner & Ratner, 2021) <kl pe Sl il Al i)

Agaal) L ol g3} B 4y gudanl) i plpassl) g0

The role of inorganic chemistry in modern technology

8 Al 338 ) il Al o giell A 150S 175k By paall e slasll gl
A g Y al dl) ) Dy pmall e 3l gl arenal (gl a8 Ledfiall L sl Sl YL
3oeals Aidall s Y Jadi s Ll o ghai ) 3 aaiall dpglalinall g & jeadll 5
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el dphll dlaiglls Ul gy ASAN M gally sl dawalls iyl

.(Housecroft & Sharpe, 2018)
LLin il saan 453l Claiee sk (8 4y panll e sliasll Ciagd ¢ Jiad) Jlaall é g
G saall Al 5 BT it La g g el gl Baneia 4y g3 ) ga g e lSH Aglle ) Jaaa g ¢ Al 50
(Shriver & (sl & il Aallas 5 cAdail) A8Ual) 5 ¢ JSUN Aa8lSa g ¢l puall o Dhay Adlarial)

Atkins, 2014)

Lpalal) cilipdail) B 4y glanl) € g 4 gudand) sloasSl) 1D duaral)

o "

introduction dalla

3 g gemall i laasSll g Ay paaall el (s JalSl 31508 15 ghai 8 AN 3 shall g
il e apaed) & AN Laaal Jy Bl aiie) (IS LS cpliatia cle 8l Gl 2z Al
Al 4 sumall cLiasSll Jie s Cllanadd el ) JalSil) 18 (ol a8y Apaal) dyalal)
(Bioinorganic 4 sasdl e 4dball cLwslly ¢ (Organometallic Chemistry)
(Materials 2 sl ¢basS 5 ¢((Medicinal Chemistry) 4uhll <Lwsll s <Chemistry)
Ghll daadl 3y 8 pallad CId GlLS jas dlse ki 3 Cugud S5 «Chemistry)
.(Housecroft & Sharpe, 2018) il 5 48Uall 5 dclicall 5

Clataall 5l pualiall ae 4 ganll LS jall grad Ao Al dpalal) <l HSEY) alane aaiad g
ol sall s 4 puandl CUS pall 4 pnall &35 pall (g pand Ase (o Jpanll 4 pall e
3ol (puat ) ool Len cdygumall pe LS pall dpnhalinall ol 4 jiail) o Ay 1Y)
.(Crabtree, 2019) 4uhll 5 dxeluall Glipkill e 3all

4l gl clelial) A 4y guanll & g 4y guanl) sliasl)

Organic and inorganic chemistry in the pharmaceutical
industry
e s Ay paal) LSl G JalSall e adiad 3l Vel ST e 4050l cileliall aa
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b ORI 8305 5 A Dladl e il (i) 2 51 jalinll w230 Lty ¢ sl BLiall e

.(Patrick, 2017) dbasll LAY Calaginl
Oidandl CS e 5 (Carboplatin) ¢St S oS e el e AR 5l (e
s Ledl e Blndl S e ad Gl Gl 4 USY WS 5 ¢(Cisplating
G585 dagame e Gl hid) G gal e 0Sh Gua (el sabadl
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.(Rosenberg, 1985) gl i sa )
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0
Cisplatin Carboplatin

Ol el Balimal) 43 50Y) edY A i) Bpeall 13-1))JSa

Ot el saliae dypal skt 8 il (uladlly asnidis Ny Caadll Ciltieae ariind LS
Caagiud Al 400 sall il dad) aranal 8 4 uaell QLS el Jaai Lty (b i€l 5 clilgilyl
(Housecroft aulall U Jlay el 3l e 3 Lae camandl JALD Baass S LS
.& Sharpe, 2018)
g ) 3 pal) (B Ay guaall g Ay gudanl) g sl

Organic and inorganic chemistry in nanomaterials
O aexi ¢ (Hybrid Nanomaterials) 4usa o ge jseds ) sl ale ) glaill go
Y Aasie 4la s Al 3 Ual s Lol Laa cdanls 4y & &y gumall e g 4y umall 3 sall
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Ay sl SIS A pal a4 ) Clagall o
(MOFS) 43 gaall 43 31l LY .
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.(Furukawa et al., 2013) 4l U slall &) 3) 5 ¢ AbaSl) sl g colual)

BBl 3 &y gaal) 1 Ayl la
Organic and inorganic chemistry in energy
3 g gand) e g Ay gmnll elaas€ll G JolSE e Baliin) Vsl ST (e A8l g UE 2]
Lty ¢y panll Al LA 5 dlia gall S padd sall a8 4 puiand) LS pall JaS
Lalls a8l WAy il (B dpaall e Zy gl ol salls 4500 2ulSY) i
(Atkins & Jones, 2022) 4 paxll e Al
& Al el QUBY) B Ay ke e LS e o Dal) (sl pfll) il jlUay aaiad LS
8305 ) sl Le a s e Ul Jals il ) J) Cppuanil &y guime il i€l) il (s
bl s s IV 3 5eaY) 8 Aexdiuadl il el jee A}y A8 (o 5a5 3eS

.(Goodenough & Park, 2013) 4L <l

Al dlas B 4 guanl) 48 9 4 guanl) o Laassl)

Organic and inorganic chemistry in environmental
protection

Lalain) ST o) ge aranal A (e dind) Claail) dgal go (8 Gty 1550 slasll Cnl
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.(Housecroft & Sharpe, 2018)
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Organic and inorganic chemistry in coordination
chemistry and medicinal chemistry
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.(Housecroft & Sharpe, 2018)
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Organic and inorganic chemistry in artificial
intelligence and molecular design
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Abstract

This chapter examines inorganic compounds and their applications,
with particular emphasis on transition elements, their complexes,
and the relationship between electronic structure and chemical and
physical properties. It introduces transition elements and their
general characteristics, then discusses oxidation states, complex
formation, coordination bonds, and the influence of ligands on
structure, stability, and reactivity. These concepts provide a
foundation for understanding the applications reviewed.

The chapter considers complexes and inorganic materials in
catalysis, industry, nanomaterials, energy, environmental treatment,
and sensing. Connections between coordination and organometallic
chemistry are discussed through ligand design and structural
modification. Examples link control at molecular or nanoscale levels
with functional performance requirements and are supported by the
studies listed in the references.

Biological and medical applications are also examined, including
complexes of platinum, copper, gold, iron, and cobalt. The
discussion considers how ligands influence solubility, stability,
selectivity, and activity. These topics remain part of the chapter’s
chemical review, for which distinctions among compounds,
experimental settings, and development stages are important. The
contribution is to connect electronic and coordination principles with
application areas and to demonstrate how structural changes can
alter properties and functions. This abstract describes the chapter
and its cited literature; it does not convert the pharmaceutical
examples into treatment recommendations or independent
confirmation of clinical effectiveness. Its focus is the chemical
reasoning connecting composition, behavior, and prospective use.
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(Goswami et al., 2025)) .z sl £l Al

el oS0 g aad) g Al g Guladl) Cilsiea -5

Lot sl oSl g aaall s caadlly Geladll Calaieay 130 jie Llaial 3 5aY) @l gl Cangd
Jaad 4] 5 4 suall 5 Ailaasll Lpeailiad iy @l ol Claiadd COLSa i Jily
(Reactions and catalytic .Kared deaas Gl abdduly bl
applications..., 2025))

sladll Cilaag oY

G G s Alltiaa aati Ay Ay gall Gl 1Y) e waall & Gl | Jeaie ulaill e
o)y el s Ol Sl CIaGl Aag jal) Guladl) Clatee il S, G aa
(A (e Aila ) LAY g oS e 5 508 5 )08 (o

(ROS) Afeliall G 53l i) uias *

(s Gaaall b Cali Cilaa) *

Lo S giall Adya g Jplaat *

el (o Al & gall Gl e Jaglias *

2ol s ol et Ay )5 pall Sy Y amy Japs ¥

ashl ey Lae Al dxpda S e A s Ledalds Joaed AlSaly Cilaizall oda el
Ol (e dima )53l ol e AalEm) <l S e
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(Al-Jibori et al., 2021)) «(l1)<adll s (1)l Claian Lald ccaadll Gildias &) p
Clire oo lelee A1 Caliady  oalill z el daslaall ol 55V Z3le 8 A8 dad jeS
~ ¥ s 5 <Thioredoxin Reductase a3 hufis Ao A 55 ) goay 2adad 3) ¢Sl
Y 18 L g2y L samsSUl) algaY) e dpla ) LOAN dlaa 8 Ll 1590 canly
(RN el iat o sl o)l Gl haal s AN Jals suall el oS
(A (o 6<5 e g Aita o) LAY 5 jaa Jandi e 5508 Caadll Calaiaa yany & el LS
(Jirjes et al., 2022)) .Aesidl o) 5 5¥1 zoe Soaely Llany L 52
Cally oS g apaal) Clatea (GG
o2 8l gig Al lgihan (@liad) Caun ) Yl oldialy b oSl aaall Gilaies Jaas
o=l i A0 Aedail ki 4 Clieal) a3 Caendinl 8y awall G palial
3 small ) sy &8 dpepdall Aaa¥) 8 Tk e el iy Cus o)) Jah e
dae NI op S Jansi e 3508 clly KU Colaing oany & jedal LS daa o) Al Jals ddail)
Gle adiad Aadle b skt (8 apall Gliiee Caaaddol s 8 ol Lkl A gl
(Al- A sl gl e 8 JlEs) Cali Calaay Al yud) 202l Jaly 5auSY) Mol jas
Jibori et al., 2020))

Ol peall alidaal) ALY pualind) ufaing 3olS Cpaad A Cluil) 9314
3 dgadal) elasll 8 Aaal) Glag) Lle <SG ) slaall aal aal ClaSll aaal a2)
8 Vb I aie mual Ll g cabaadl J2 6 3Sall lall cdis e | juaiia 201 50 2y o
AU gy Al ) LA slat 45l 5 A dlall 436 LS5 o) sall o ol gl & gludl 3yaas
o=l sl 5 il Al sl Jie caiaall 400l 40 jall (ailaddl 45 jdla 5 ) sy
Sale dleay Lo iy slall 2pie ) 31 sl o a5 508 5 canall Jals Al de yus g Ay g ST
AERY) jealiall Cilties e 36 2Ol ~lad b Lls
Lzl 8 38 sa Gt G o Al Sl S i) Jaaad o Aasd) il pall elat
358 (8 i Lae ¢S pall SN Jga Ay yiSIY) AAGKN 8 oSl (S 3] caieall (5l
dixall (Lipophilicity) 4l sulll 3005 (S WS A0ad Jals 4 sl Gl el s ddanl )
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s A slal) ase V) e a3 (e Gy A el danlia 4 e aadaa JA0) A (e
Al 53 3L 3 elall A Aaple 1D QIS apanal Sy (BBl (g o)l Jala 4aS) 5 (e

Al Aaia¥) 8 dsn i Qi 5 el
asdlll Glaiaa Luma A. Al-Doori deall (8358 Ji (e (D)l laaa juaat o3 a8
(Al-Obaidi et . dus sl s Sl 5 al 3] aa dylle 4l 4llad gl a5

al., 2025))

=

5 55
S

«((Polydentate Ligands) ¢t saasie Cla€lll aladiul Laall lalas¥l aal (e
A 1) i) ST laina (585 ) (525 Laa il g S mile wdge (e ST lliad
Jaly Sl Jlaall e dagliey il o3 iy (Chelate Effect) sl il
ooad i asl gl ) el gl (e ST At Jgam s rans g2l aY) e ol Ja gl
Slo Lsinal Iukll (Schiff Bases) «ad seld cwadiul 8 55880 Sl
A€ A5 e e o d g Ll (ol 138 Al (33 e ) gdugall gy S g s g il

e lall Bakail) e iy ey Lgaal 53 Jhae 4001840

((Smart Ligands) &S ClaSlll ) ohaty 13 3l laial 358N @l gl Cagd LS
oY) dad (alidl) Jia ey sl Al JA1s saase ol Jiaal Llaindl daaae SIS A
5 fhue IS 638 Ay CpanSY) el ol ecilay BY) Gang L 33k Sl e in s el
Y s2m Laa sl Y Ll gea s vie Lt s ) Jlaii o ol gaal) 550l 8 L) oL
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53l s A leadl Faad) Q6 8 mpe La sh s cdaid Coginall adpall b Taill Ul (3
Agadlall Aladl

e soall Luloaad) ol gl 5 A5 sl Uy ad) ae IS ran () Apas Clal o ekl

el Al Gy el ZOally el G mead GldSaa ppshl e

il QLS aladiuly anall Jab el m 55 & (S dua ((Theranostics)
Clalai¥) ST aal sl 138 Jlayy Ands gl 3 dadlall aillady LLEAY) ae o5 saal
Al By gomy mall 5l Alaianl Aaglie ASa) (g0 0 g Lal cdaal) Apdall oLl 315 ghas

(Al-Jibori & Al-Doori, 2026)) .
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Abstract

This chapter examines biochemistry and biological processes with
particular emphasis on proteins as central components of function
and interaction in living systems. It introduces biochemistry and its
relationship with the major classes of biological molecules, including
proteins, carbohydrates, lipids, and nucleic acids. Structure and
properties provide a framework for understanding activity at
molecular and cellular levels.

Protein structure, levels of organization, and relationships with
function are then discussed, followed by protein interactions and
roles in humans, plants, animals, and microorganisms. Processes
considered include enzyme catalysis, signaling, gene expression,
immune responses, metabolism, and membrane transport.
Diagrams and formulas clarify the interaction among molecular
shape, binding and reactivity, and biological function, rather than
separating chemical structure from functional effect.

The chapter proceeds to laboratory and computational tools for
protein research and to directions involving artificial intelligence,
personalized medicine, drug discovery, therapeutic proteins, and
proteomics. These areas are presented as part of a scientific review
of concepts, methods, and prospects described in the source, not as
new experimental findings generated by the author. The contribution
connects a general biochemical introduction with a more focused
account of proteins, their processes, and methods of investigation.
This organization supports molecular interpretation of living systems
while retaining the conditions of the tools, the limits of interpretation,
and the accompanying references as the basis for understanding
examples and applications.

Keywords: Biochemistry; Proteins; Structure and function; Biological processes;
Proteomics

161



Gl se dle Gl aa | Al s Baalu) o slall JalSS

-

Aaddal) 1

dlad) sl iy
Glleall Al oy 3 Vsl dantie Uanaddy dpball aglall ¢ 508 e e 8 3
Gl el cleli g ddda g5 4 e 3y Bhall Lo o685 Al Ay jadl LIV 5 Al
G ALYl ¢ Ayl palealls ligig ) 5 opaaally Sl paa g I Alld 8 Ly Ay gl
@il ela¥) ale cp alall 138 ey s A8l 2l 5 ) cllee 8 AS L) clelal)
sl Yy Al il Ay Leidle 5 4 lall Gllaall 7 530 (¥l clay Y Ao
At 3l sy alall GVlae B aly e o il il dall Sl

(Voet et al., 2013, p. 1) sl L i<l

4aall Aalail) Al 3 A Aibal) pliasst) 4raal
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35l paeall (e e glaall 2 (RNA)(Nelson et al., 2021, pp. 263-276)
SV pasE & (RNA) sl @) pasall ) (DNA) (S G siia (55 50
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G L Yol Z3s Jsall (el (8 45l (mleal) il Hlaal) )
Salils (PCR) desduiiall 5 5aldl Jelis 445 Ld Caeasil il (19-28 58 dails lic
.(MRNA)(Rahman et al., 2021, pp. 1-9) Jtu_ll s sm ) 553l (aeall

L ol gmal) A8 611 g Ay gand) o Laasl) o A8l 2, 2
i 5 sl gl Rl ) 208 A S Al o b Al slas oo sl 3

ALY A LU Y1 1ae ey e il g A W o o8 Al s 550 (5 slsa e
Al
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Gsnis JalSih Ll adge 3525 e Jeliil) g judi o oy 55Y1 5 )38 adiad ey 35Y) .
Llis Jidast ) (5355 8 Jaill a8 gal) 8 Uisal Wiman i 3 ik (515 4358 ae WilaS
Yl i i) A JIA e Al (i Jaadl) Ay A WD e WS Gl m nY)
(Berg et al., 2019, pp. 202—204). %S 5 08

doe b Addgn Glhag m)l G Gmsle e SH CpaasY) Jiig el Glaa e
Ge) by il pmes Jlaiu) 2 as 550 ae a desene ol JS (5 gia
A gl Gl jall aeat Cua o Jaiall aall E ) (U Aladudl 8 culal) ) calals gl
(Berg et al., daa sl dadal) daely ) Al dsaal (520 138 i sr | A seall ol il i
. 2019, pp. 202—207)

a3 O LEteay dananll J8) 63l g Ul eyl Jant 5 sl HLEY) Jai g eLdall cadlstug .
s Al Jaly ol Uiy (e Alude Jadsd el al Al 8 )50 e lee Alad) xhas e
Gl ylacal ) 525 el i) daglie JIET (aany (A ) s WS il A 3 Jla
.(Alberts et al., 2017, pp. 813—-865) dux)f

&8s (DNA) @5l Saeall cBlulud aaad 1 amdl il 4550l aleal) .
8 lppall Cuud 8 ) el (o glae g b 8 oSt bl g el Jal se ol
(Alberts et al., 2017, pp. 369— bilh yu o 3 ) 5 Lial ol dpandaiill il 030
.438; Nelson et al., 2021, pp. 1054-1096)

A e 3 apaiil auadd BaEee ClSuE 8 Apagl) Ol jlusall SLLEH dadaill) (5 e o
Dnshil (55 ma IS0 oda agh () (5 i) adaiill 5 ¢ anbuaill Jaamill g ¢ e lai 5Y) ayil
e A Al clhdal Jie e e 53l G sanae G e Cargiud Gladle
a2 o e duln @i WS (Nelson et al., 2021, pp. 436—471) s
sl o saieadl (al 1oV agdl 355 jia aal 4y gall dla glaall aa 4y 5al) liail
(Alberts et al., 2017, pp. 439-528) dua¥ 5 duis s il 5 A sl

s sl Loy yy U paads 15U} g gd by jall Caay dnlad) cbasll glati o UL

oAl daall b slall agdl daulad Lelaay Laa ¢ oal) RS il g5 (55120 @l gLl (5 )
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A ol gl cilaleall (ubuds i g 1,3

Cgsd 4 3.1

0 NH, o 0' 0
HiC OH HN}\N/\/\H\C)“ HZNY\‘)\OH HONOH
H
NH, NH, O NH, 0 NH,
Alanina (Ala) Arginina (Arg) Aspargina (Asn) Acid aspartic (Asp)
0 0 0 NH, 0
0
Hs’\(kon NOWOH o) OH H,N\)LOH
NH, NH, NH,

Cisteina (Cys) Acid glutamic (Glu) Glutamina (Gln) Glicina (Gly)
i 0 CH O 0 0
N SoH HC o HaC OH MM~ A~ Aon

S ey, NH, CHy NH, N,

Histidina (His) Isoleucina (Tle) L.eucina (Leu) Lisina (Lys)

. 0 o u 9 0
H,C” \/\HLOH B OH C])LOH HO/YLOH
NH, Z  NHy NH,
Metionina (Met) Fenialanina (Phe) Prolina (Pro) Serina (Ser)
CHy O Q Q CHy O
HO OH o OH , "N OH H4C OH
NHZ = NH/ NH2 HO o NH? NH2
3 JL:‘“— QL_,;Q 5 ‘)_.,j\ Treonina (Thr) Triptoffan (Trp) Tirosina (Tyr) Valina (Val)

OsS 3% Leia S Sy Bl Umea (e (6 Ao gana o (S8 4ilad &l jad g e
s by e s oma 3% (a0 S de sanas il Ao ganay Aaii ja (W) 438 1
elall A H\SI) dpalall g diaill g JSAN 5 anal) 81508 AT dilal) Judlull Caliss 3 j0ae
(Nelson et al., 2021, dasalall jauda 6l Lee o3 i gyl iy Laa cdgibaasl] Adelal)
Ao sane (K S e )5S duain Jadl 5 el (aleal) Lasi i pp. 91-95)
il ane I =10 lae o JUI 1Y) (meall GaaV) de sanay il (aeal Qa5 S
(Alberts et al., 4wl Judldl 4 j 8 (N-Ca-C--) @A (e Sie Julidy

2022, pp. 109-116)
sl 8 Lea eyl Aais A Jall a3 el Al 1 dpalds Lo Bpasinll Ayl jl) el
Ofin 3 sl ol ISel) el Y Ay V) de sane Slo 2 sinl bl
s @) b zshadl S (gl L lhia st (sl pmes JS Glosall Aa e dald
el ALl <y A ABle YU i) 30 lils Wdas o (S ) Al S )
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(Berg et al., olovlilly bhis & - gpaep maw o WS ‘gul.u“ﬁ\ JSdd)h @l yag
Judludl 40l Sll pailiasll L ALYl el sl b 2019, pp. 52-58)
(Balchin et al., 4la¥l ¥l 450 sy ) iy pl) o 48 aasd dilal

2016, pp.1-8)

O gl Ay iy giss 3, 2
el A A g¥) Al el Apa p lsiee Aag )l o Gl cpig ) S i Cala g
LAl aall o oS i) Judes a0 5 dlae a8 A disl) (@laadl il
Lshall aills ) Jsasll Gisoll M) Claglaall gaen o A0V Al (g gia

.(Balchin et al., 2016, pp.1-8)

< (_ Cu
H-N c~0
Y ”’
CoQre=rH-N €-C MW
< < N
Y b
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0=cC MM HC
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€ < cC-N O
b ’ 3
H-N c=0 M C -
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C=QeresM=N N
< < €
\ .
.*N----O'(\ € »
o= Ill-n oN -
< < C~-C M
Y "N
H-N c=0 ON
c=0 ‘NN c
Y ’ s’
€ £ M C
5 L7708
~-.‘....°-‘\ C-N
osg N c
4
< < N
Beta sheet Alpha helx
i CON | IREY I | I WP et | I W 1 | R WO

O A dalyy Al bl JSG jE s daiall AL e sl
Ol Laa 4 ) 3 e sad Gy peaie ST ALl (8 Ji g S0 5 Y e sens
Ao s a5 ) 4 dadi i Al KL UE 3.6 e 05Sh ier Gl e 3ole s (dll
On sSH A Ly dsgially o4+ W aaY) Gan g s | WL g SN CpansT o
(Nelson dasall o i 5 Tl 5 ) Led Jasi i cbaliia 5l 45 )) sie 330an Aoty o i
o3 (lalall 5 lelias) Jie (aldanl i jealie Ly et al., 2021, pp. 111-116)

N A 8l gl g il Tl b s L ey by Sl Ll
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Alulid JalSH le¥) (D0 oyl AN Al Jiag
G Alal) Judladl a8l ge aais Al Al pealic cai i Gl (8 Ly aasl s A
Ll g 5l 5 celall da Sl e lelail) Jadi aawie dpaald e e lds ddaud g 40N 4l
Aty Sl U Tl g5 () ALY calld a8 el y A oY) S le il i 5 jugl)
lelall iy (Nelson et al., 2021, pp. 116—120) vl Way o 45 il
oo am ool Jaly Al e Al Judldl cia o dala Ll el A K

el dalee )l il (4 508 S5 ag (lall )

o ST ) il pants Latie Al )l Al Las

OuSE B ulh s sl Gl CSOh sl e A Claa gl pand el dae Judl

«laa gl el (uilatiall QU aa g ya de S a3 (A LS dilaie dae jal) SGilas gl
(Nelson et al., 2021, pp. Ousla seell (A2B2) haa sl el 6 LS ddilina
Tt A e VT eling e il adaill s eopslailly el asead maws 140-147)

s gn g a9l g pall Jia

kgl 4 o dBal 3 3
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Abal) elasSll (8 ) laluall (e A gundl a5 5 s ) iy Cp A8E N 28D a8
DA sl ol Gmeall WS a3 G il W) el el il 8
G sa AinaYl (aleall Judus o i) Lea (ASSa) ailla (e AL 4y JLosale) e
Ol Tase Gl o seaall 138 K35 (Balchin et al., 2016, pp.1-8) dlal! il saa)
a Lo Joadll ) el i) ikl A e @l IS ) g Julidill 8 s
Ledaad ol ddpds ol Camial I 5 Al jiad 38 g dan il

alfgpll cdleldi 4 .3

e il (e daisl g Ao gana 3 LI s tlean e Jjrar Gl gl Jesd Lo 100
OS5 8 Al cDlelEll o b psea Gl day (Osads hags palealy (g Al ity
Jaiaill 5 el JLaY) Ja D A Lay Uy 5 4 gal) Clilasll aead Ll 63 e ol 3 5e
.((Nussinov et al., 2013, pp. 169—189 <luall adati g ¢ Jaill 5 ¢ 2]l

ALaSis duadan 3halie JA (e L& yh i gl R 1ol pacfig o)l el o
ShlSiy dagoma Lailsys cladl WS Ly, coleldll o el L Gles
Al pailiad s JS4 B8 (e lghia sead s Ol oda ) jiul daady USiling 54S
S Gl g iUl AU 8 Jall sa LS daily i syl (n OOle i) any Ale
gl dalge Lliyl 4 Jall o WS cple AY) ey Lain dlall cluasl) o380
.((Nelson et al., 2021, pp. 107-110 uall ypaill oL saclisal) cillainally
(ol 3oLl Jin 3 e iy oy <l g ) dagi 5 dayl g 1) e gl Do .
ASall el Wld )l b el Alle A8y Aygals lisesn haclue Jalse
G s 580 e Jabi 5V anh adali )} o8 sy ol 1 (s JalSll ity Je il 5 58 <K g))
Lebal 55 (e Al s o Al ga il Ol S cuaiad G any A el ga el S
.(Nelson et al., 2021, pp. 148-152)

(lisinglly il Jalse 35 dgedll Al aa oigsd) el .
G5l paeally Loy Al Clidis sl Ga el G e bl dalse 5 ol 1 el sall
e - SN A e Badse 4y g bladl e cOlelill 28 aaixis RNASI DNA
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130508 55 Sl e Capati Al g cCppm sl e By o3l ol Ay )l Sl
DNA (Alberts sl paeall oot 1) 253831 & daian g jugll Jand 550 JA (4 disna
et al., 2022, pp. 369-438)

A Structure
Turn

O Al Ladal Al e Gliigodl e paall cllic audalilly g pladl) audamil) .
Al (b uns ) s as dser 54 e a Bl ) (sass el ) adl sa sl ALaiil) Lead) sa
-5 50 Lad gad Gy (il Adla ol Lo 5 Uy s Ll ey Law cdaliiill J3m) 4021l
(Nussinov et 4l @ saill 2 jall QLY el Aaei 2D S5 il el 5
.al., 2013, pp. 169-189)

488l cliilgl) il gaadl p cllill g lead) B clisigdl 5 L3

Lalall laliay) ae 4aKis lall CVlae gen 8 Slls Uil B 555 culigig pll jelsd
NS LN

AoV & oV sSN) Al Al 1510l i gl o robadY) clisg .
Omsla saell) Jalls (OMaa¥ls Gpasnd) Jie damledl Gla Y1) Sasdlls (bl
LAl ayly (Sl Lelidl il dall)  elidl glially (Gl
b Al Gl 3 (OOaal) 8 Gausall) ASalls (el ey Gl sadY))
2,58 38 6 JR) ) il @ 8 Ley ol ) Y Gaw plal) s

Shlal all U5 il € Lajdy o(ubs il () liaall (uigy sems (CFTR)
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(Berg et al., 2019, pp. 202— (AU midia Jaall o5 pall Ot & &) jila)
207)

i) Jie (o saall Jiaill dalaad Aa 3O i gl il whal el il g .
abiall G 3Adls (AN lan 8 AT Clisig e CpiiulY)) (gl acally oS
ol eY) Slss 2 glaally (e gaallls o 30 s o slall Jia( sl iy »S Alaall
Sle @lsigull ol e Sy I L (Ol Glladia s gl jeYb Aaii jall s 5 jll)
& O3SV i e Jymeall w35 (oY) s e b0y SV sd (pasadll ang
.(Nelson et al., 2021, pp. 751-768) c&l\< 3 )

i spall 5 GESY) ASpal) A iyl e il o) aiad ) gl il g ) .
ooy G Opbsaely ol EN 8 cple sall) sVl Jiy ((@Obaall B
Aasiall Gl geyell) daal sill 5 (Ol Gl s aladl (& oyl Sl dleall 5 (il laidd)
358 3l 3393 aSlial) Leantis (Al el Slidis e (s gl Al 11 i g 5l
(Alberts et al., 4l sl duigd Allie Zilad Ledray Las ¢iiliin) 455 505 A8
2022, pp. 109-120)

el gl el Gl AGdal dall LS mn Ay Sl clifgdl e
Sl H3Y) i gl sda Jadiy A8 laiay Al Olin A Gl e Leay Las il
& sl el ) e sy w3 Jie 3l all dndl) LSl Leatis ) 5 ) sl da sladl)
e ¥ sldl Gl )y «Thermus aquaticus (Tag DNA polymerase) Lossill
Sl ol Canal A el Jaal e Ay slal) i sl ecs bl cpall) Jalail el ladl)
IS 55 il by 3] Jia el Sl i g ) a8y AN Bla B Leie e Y
(Jinek et al., 2012, pp. 816— asuall nais 4 jall Ladanll 45,48 «Cas
821)

i g ) ddaf gy daliial) 4 gl gl cililanl) 4

e sl ] 4
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Sl g s A5 G Jina b ey 5Y)
gl (8 AiSas shall dray e 1710) (A 10(° 0o 5l S8 D3lalaay 4 all AL Sl
oo dasiill Aila cilay 1Y) 2835 (Berg et al., 2019, pp. 257—258) dus o) s 3adll
eaenll pinill DA e AJEEY) DAl cudiy and hadi gige & S, by ok
A el 35 5 aaiind (JEall Qi o Jaxall oY)l o aaliall ol ¢ saclal)

Se i a3 pasian Laip daiial) Jl 5l uS (Serl95, His57, AspL02) i
IS Sl sl 8l 5 Jal e sl eg 3 AasinY el (gl 4350080 oLl
.(Nelson et al., 2021, pp. 178-187) &<

Lasi yig cdadill a8 gall pia e dpdlill iladall Jaad Cus alSaly o 53Y) Jalis A oSaill o
iy oJSAl (&l et B N Gl fall Gaady Al e Al e Gladll
(Nelson et al., 2021, pp. osSall Sl 5 Gy pu Ladaws 5 judll Jie paaludll <Maxil)
.203-206)

BLEY Jii g, 2
Ll U dag i iyl Aalugy il JLEY) JB e L) cumiads L LOAN e
Gl e Aaliy Eally (sl Jalse s cdmand) il il e sell)
Adaiyall C3isall 5l (RTKS)) JUS sl < liiuey «G (GPCRS) = @il
Clidis p G = el G5l cliiue Jaé (Lodish et al., 2008) < sl <l s,
Lein € Sladsbunsh o 3ils oS il 3] 36 ) sl 30306 sl e G
SH2 iy <ild 5 LaY) iy it 3 il s U o) sl OEue 2T
IR e @l Ll oda adaii S 335 (Alberts et al., 2022, pp. 831-875)
E1sl o el B jae daw dpeganill Cligs syl Glad el & Ll @Y )l ikl

.(Nussinov & Tsai, 2013, pp. 169—189) 4uleil¥ Ll 1Y 5 s
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) il a2 43
Gl o il dalse i Sl sisall pea o Jiall el (8 Sl g ) aSa
(Alberts et al., 2022, pp. 369-438) lils <5 LS yie saaaall 555l (el
5ORE" o oyl e (O oS sall 5 bl 5 ALl 5 ALY lleal () gl il g 1 auads
e 55l Gmeall Jfie L jas3 (ile s SN () Jgea oll A0lSa) alatil " sl
x (Alberts et al., 2022, pp. 438-500) s_al dds 35 4k a5 «CpG
saaall dallan (b Ll ppesnlls i ) (g5l el Al i ) oSaT cgend
Sl maadly ddasi jall i 5l Jass 655 Lai cdlian S5 ol il 5« smll (o 1) (55 53

.(Alberts et al., 2022, pp. 501-555) <liall calsyl & 55 Sl o

Aol L) 4, 4

@i lgle sbailly Gl ) Gilisa o Canill ciligiy ) e elid) Sleal) ading
Of Aadli 5 yaie hlie e Al LAY Leain ) (e liall i 5o lall) 3aliaall bl
Pl Daaat Ba A1 o8 V(D)J S (Al dpssead) ) ikl 5 V(D)J S s sl
Js plaa¥l Dy g sl V ol Cilind) adalie (s )5 alag a6 gliadll LA ea
Ala¥) e 8 Sila e su Ay e (RAGL/RAG2 a3l daud sy Wil sie
(Alberts ie site Cilamine e oyl o Lead Lae ¢4 LAY 0L 5 33l
.etal., 2022, pp. 1250-1285)

a5 dadiall Jamii s e e liall il e Gl ) Gl Baliaal) alualVl Jaled
Jadh 3500 DAL dpadiy Clasine MHC)) ool ol @) 53l den i g 238
Gl sl diaa Jails (CD8+ Al LAY V) Al e i)l apedl) G810 deas
Gle Al LAY e (o ety «CDA+ Al LAY Al 25l (e s S ool
Lain e il LA Jalis (<l s b iyl s el gl jiiyl) i il (5Ll Culaiaal) oa
(Alberts et al., 2022, sbzaall slual) o ading ¥ Gy o 2 liy daaiall Al ji

pp. 1250-1320)
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a4, 5
pl Al gy 5Sslall I Alee Ll lgadiy (a1 Gl s cile ) s
il gdll (SN s 1Y) Adan o pdle e JSG Tl (53 ((PFK-1)1- 3L 558 3 g 58
DSl s g )15 lae CAMP Gl sl galal s gud) Aol 3 it s ATP
¢l yidll paea 3550 ok (Nelson et al., 2021, pp. 511-529) 4kl cilalgal
30uST) duaall (mlaa¥) 30l Gaad Ca2t, asallll il s ATPs NADH daul 5
S a3 COA-Jii slle Loy 5 €0 300 siand) (8 SaIAl daasy ey ol 50 68 el B (L
(Nelson et al., 2021, pp. 593— il e 35l aial | )il 3 Jysiall
Jalsall saatys cbyaall 3)5as Cpel) AL Clay ) Aise¥) Gabea) G Jady (595)
(Nelson et al.,, AUl diady Glsayell cuaind ) dpalatd Gl 3l SIS e

2021, pp. 646-683)

ey e Jall 4, 6
Gls8 Jie) Gl gl mawd ABL Gligig py Qg8 daul g eVl e Jul oy
58 g Adagl Il Adasi el Gl o€ i) o ita 5 Al il il gal) 3 o gl sall/ 533 saal
(Alberts et al., 2022, pp. xSl cila jail B g oLl of b o0 bl JEEYL (sl
Sl aadiad ezl JEl) ol SLESY) Jagaadl 4 gty il J8)5il) wndd 637-650)
ATP i il) 335 s 530Y) CATPASE p sl sallfa 500 sl ddiian Jie i 5Y) ddasil
Jia) il g1 3 55 il Ay 31 81 ) andios Laiy ¢l oY1 58 5 el e Lalaall
(Alberts (A% S ld) 4al ) Ca2t o sl gl fai il SERCA daias
Glin @l S i) bl ) cudlS Jil g o8 et al.,, 2022, pp. 637-650)
e Jeagill olaie o B Qiikl 535 i (B osgsadls sl sl ABC))
alilly LY N CABC Alilal 4al6 2y )5S 5l 58 5 ((CFTR) (ool il 3 o2l

.(Nelson et al., 2021, pp. 330-350) X!
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il g ) Jlaa (& Apaat) Gaad) il ga) 0

Ay i) (3h11 5.1

e (RS Al Ay yiiaall Gl e de siie Ao saane o B ealeall i gyl dilagl aaied
Ledia 5 s el 5 LgiaaS apaat g i 5 pall (e Cais)

oSl aladiny) Aails dclie 438 1ELISA)) ai¥l dadi el eliall palaiey) .
i Baire 4y gn Cilie 8 LeiaS 3pan g Badae Claaiie sl 3aliae bl ol cilidig e
G ALYl clacaiud) ge sabiaall alualY) clelal llal) dua padll e 34kl 238
g5l day )l ELISA e | (ulsll AL 4, ) 5la 5l 4551 3 L) geith s 33YL Jai e (oSS allag
Cldlkie 4pll) Lavad acald ie JS5 dpudlill g 400 sailull 5 5 pdball e 5 3 580l
s JSi ELISA 334 (Berg et al., 2019, pp. 856—860) idlias dldas
L¥asall ¢l juaniiall 83 ga ) je s Ay sl Ol pdisall GLEKI 5 gy pud) (apiill b
(Crowther, &yl Je didaill e Led 8y Gaud diaddiall LgialSs y Lghlual |5k
.2008, pp. 1-20)

gl oda (K 1Al elal) Juladl) i AeUal) Aadalll acile o ¢ i g 4adal .
el OAall iy leliad day a8k Lald e Baaak Gl e Sl (e
Glsi sl Ji (SDS-PAGE) a5 seall Qw53 Gl € ae 2adl SV aaaie Dl
faais slias slal aladinly (asdis PVDF) s Jsblug il e 3ile) clie )
sl €5 (sl Gaall sl Jss Slasbae L o3a 358 Caagiouall (g all
(Kurien & Scofield, sk alS Calil S aa lgaad dic dan jill 483U EBhaadll
e e ¥ Ag ),k daal) oda Jhi el 40l WS e a2 )l e 2006, pp. 1-20)
(Mahmood & Al s (e 3l gl Aaaa o a5 Sisig sl el ASH
.Yang, 2012, pp. 429-434)

Ge AiSal J3A (e iligig pall Jilad 85 58 Al sda ciaa] (MS ALSY Gildae .
Ol Canen s g cbatadl) DAY (pe iligi s ) e Ca el g A8y duiy jadl ALK apaas

Ll coad Jlad s colagdl <l jad (MS/MS) Al il AN Caldae 8 dan yill daa3U)
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Ll e gila s S Aty 45 el @l oda JSE AaeY) Galeal) Judud apail i )
YT S Gy st e 3] uaal) gl Ao Guld (| C-MS/MS)) il
Jeud LS (Aebersold & Mann, 2016, pp. 37-51) saaly 4y a3 & il gl
Caldae-Aal) A Jie L JOA e O g o gl OBleld du) jy ALK Calidag A
eatiial) Jay 11 ALY Cilae 5 A1)

Juai \ellaty cligy ) Aal Al ) o3 35 LS gilag S .
Jiini Lein oioal lesa lo 3Ly Sl eaall sedu¥l L2 giles S
S Al Ll e ey S Lol Tosdand) Ziail) 8 cHlBBEAY) 5 oY) Jalall Ll e gila s S
Lo 5 ) il ISy Al Baac Y1 Jia - s ayl (il e sil) ol )Y
et Laa - ALal) i g oall saliaall lay) o Al 3aee Y1 ol ¢cpasivngly A sas sall 5
e bl Ll e sila s S A8 Jaxi Baalg Bshd 4 Adle ol a0 gl Joe
e Y Le sila s KU Jaay e ST U5 de pull s 483 (st e HPLC)) slaY)
(Nelson et al., 2021, pp. 121— 4eliall & gall L ol 5530 g Sl (0 JS A Lgie
127)

dnguiall Gkl 5, 2

Aihgy 4S5y, i 3 A edl cLEl Luled Slse Gsalall aladin) Gl
Gt e (Ui e dalail

Leela sindy & pall UL (30 sulall oY1 G syl Adlaghaall
aaaty «Sllidll e &y gpal) Ao sbaall Joadi lisip o) Siladl (A s iy Leldady
S gl (R Adally Al (alliadlly gatlly g skl Gdatly dabadyl
Jie bl ael 8 358 Lain op) 831 Cp Alaial) s g ol g pud) aaaill G0 BLAST
(UniProt  ledlely lesidayy syl odllal s Wy ,8 UniProt
Y e Ja sl doleshall @l jlse 325 Consortium, 2023, pp. D523-D531)
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AlphaFold
Protein Structure Database

sy o Ly Cighe (haaatd e i {918 -

AlphaFold D8 provides open access to aver 200 million protein
structure predictions to scientific h

da Jidé  AlphaFold: .
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LS ) i€l il 8 Gandll e oK) i) e 23l 3y 508 Caliss) Al
Ay jal) el alSlaay aladl¥] JaSind ¥ axall § cillagiall 3MNal) apenaill 5 5 0S|
(Meng et al., 2011, <8l )55 ae dal Hll- i 5 ) LSl Saalipall & gl Slad
.pp. 146-157, Hollingsworth & Dror, 2018, pp. 172-187)
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117-126)
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ol sl s sl el e AWl daliadl cladill 438 Eua )Y ale

.(Hasin et al., 2017, pp. 694—-707)
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.1576; Meng et al., 2011, pp. 146-157, Cheng, 2015, pp. 139-152)
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Abstract

This chapter examines industrial chemistry and the development of
materials and products through the transition from chemical
knowledge to controllable, scalable production. It explains that a
successful process depends not only on whether a reaction can
occur, but also on yield, selectivity, operating conditions, separation,
purification, quality, safety, cost, and environmental -effects.
Research, development, production, and end use are therefore
treated as connected activities.

The chapter distinguishes material development from product
development and discusses selection in relation to function,
constraints, design objectives, and required properties. Performance
indices, equations, and examples show how competing
requirements, such as stiffness and weight or performance and cost,
may be balanced. Composition, structure, and processing are
considered as means of controlling properties, together with the
roles of catalysts, polymers, and advanced materials.

The discussion also evaluates processes and products through
resource and energy efficiency, waste reduction, and opportunities
for recycling. These considerations connect sustainability with
decisions based on measurement and analysis rather than
impressionistic comparison of materials. The chapter concludes that
chemical product development requires coordination among
molecular understanding, manufacturing requirements,
performance, economics, and environmental considerations. Its
contribution is an analytical and educational account linking
materials selection tools with industrial chemistry and development
decisions. Equations and examples remain subject to the
assumptions and conditions stated in the text; they are not
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presented as unrestricted rules that can replace specification of the
intended function and operating context.

Keywords: Industrial chemistry; Product development; Materials selection;
Performance indices; Sustainability
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Abstract

This chapter brings together two related studies on optimizing
drilling fluids for deep and geologically complex wells, with particular
reference to the Mishrif carbonate formation in southern Iraq. The
first study examines chemical and rheological assessment for
reducing the risk of pipe sticking. The second considers thermal
stability and the performance of modified starch and cellulose in
biopolymer drilling fluids. Their combination connects composition,
flow behavior, filtration, and temperature.

The first section emphasizes matching density, viscosity, structural
and mechanical characteristics, and filtration properties to geological
and operational conditions. It discusses chemical assessment,
laboratory evaluation, and organized monitoring and adjustment,
relating these parameters to hole cleaning, operational
complications, and drilling efficiency. The second section compares
polymeric additives and concentrations before and after thermal
aging, reporting viscosity, yield point, filtration, and low-shear-rate
behavior.

The results presented in the second section show that additives do
not respond identically to heat treatment and that concentration and
structure influence fluid performance. The combined discussion
supports a multi-parameter assessment rather than selection based
on one property. The contribution is to connect operational
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prevention with chemical, rheological, and thermal evaluation while
retaining the experimental details, tables, and comparison conditions
of each study. This abstract does not merge the two studies into a
single experiment or present their recommendations as an externally
adopted standard. It summarizes the common problem and
complementary approaches within the conditions described by the
authors.

Keywords: Drilling fluids; Pipe sticking; Rheological properties; Thermal stability;
Biopolymers

This chapter integrates two interrelated studies conducted by the
authors on the optimization of drilling fluid properties for deep and
geologically complex wells, with particular reference to the Mishrif
carbonate formation in southern lrag. Section 1 examines the
chemical and rheological evaluation of drilling fluids for the
prevention of pipe sticking; and Section 2 evaluates the thermal
stability and filtration performance of carboxymethylated starch and
cellulose in biopolymer drilling fluids. Together, the two sections
provide a unified, multi-parameter framework , chemical, rheological,
and thermal , for reducing the risk of differential pipe sticking and

improving drilling efficiency and safety in deep carbonate reservoirs.

Section 1. Chemical and Rheological Evaluation of
Drilling Fluids for the Prevention of Pipe Sticking
Incidents in Deep Wells

¢ad) ga Cpa A8 gl jaal Jil el (2 51 gl 5 (Alransl) anidil) ¥ acdl)
dduand) LY > sl bl gl
S. S. Al-Obaidi 2 , Evan Dasi 2, Yousif Mohammed Diktor Al-
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Abstract: Modern drilling operations at great depths are
accompanied by a high risk of complications associated with the
discrepancy between the properties of drilling fluids and mining and
geological conditions. Drilling pipe seizures remain one of the most
frequent and dangerous problems, which underscores the relevance
of research aimed at improving methods for selecting and controlling

drilling fluid parameters.

The purpose of the study is to substantiate the need for an
integrated approach to the chemical and rheological assessment of
drilling fluids to improve the reliability and safety of driling deep
wells. The object of the study is drilling fluids used in deep drilling
conditions, and chemical analysis, rheological assessment,
laboratory modeling of the properties of solutions, as well as
analysis of complications arising during the drilling process are used

as methods.

Studies have shown that the regulation of viscosity, structural and

mechanical properties, density and filtration characteristics of
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solutions significantly reduces the likelihood of seizures and other
complications. The practical significance of the work lies in the fact
that optimizing the composition and properties of drilling fluids
makes it possible to increase the efficiency of the drilling process,
reduce accidents and ensure industrial safety at great depths. The
results obtained can be used in the development of standards for
the control and adjustment of drilling fluid parameters in the practice

of drilling companies.

This, comprehensive control of the chemical and rheological
properties of drilling fluids is a key factor in improving the reliability
of drilling operations. Optimization of parameters in accordance with
mining and geological conditions reduces the risk of complications

and ensures safe and efficient drilling of deep wells.

Keywords: drilling fluids, deep wells, efficiency, reliability and

safety, chemical reactions.

dadidl) Introduction /

Deep-well drilling is a complex operation, where the proper selection
of drilling fluid is essential. The drilling fluid serves multiple
functions: maintaining wellbore pressure, cooling and lubricating
drilling tools, transporting rock cuttings to the surface, and reducing
friction between the drill pipes and wellbore walls. If the fluid's
properties are not appropriately matched to the formation and
operational requirements, pipe blockages and tool jamming may
occur, leading to operational delays, increased costs, and a

heightened risk of accidents (Al-Obaidi & Kharlamov, 2024a).
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Modern drilling practices now reach greater depths and face
complex geological conditions. These include high pressures, high
temperatures, and environments with abrasive or sulfate ions. As a
result, drilling fluids must meet higher standards. Their density,
viscosity, structural and mechanical properties, filtration, and
chemical compatibility with rock must all be controlled. Chemical
analysis and rheological measurements provide a comprehensive
evaluation of fluids. This helps identify sticking points, optimizes the

process, and improves industrial safety.

The aim of this work is to conduct a systematic study of the
relationship between the chemical and rheological characteristics of
drilling fluids and the probability of drill pipe sticking in deep wells.
To achieve this goal, the composition and properties of drilling fluids
were analyzed, their impact on interaction with rock and tools was
assessed, and recommendations for preventing incidents were

developed based on modern control and optimization methods.

The authors' critical conclusion is that only a comprehensive
examination of both the chemical and rheological parameters of
drilling fluids allows key risk factors for sticking to be identified,
whereas studying them separately does not provide a complete
pattern.

The practical significance of the results lies in developing
recommendations for drilling engineers. These recommendations
help adjust drilling fluid properties during both planning and drilling.

This reduces the likelihood of accidents. The paper proposes an
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approach for selecting optimal drilling fluid compositions based on
specific geological and technical conditions. This contributes to

greater efficiency and safety in deep well drilling.

The study's achievement consists of creating scientifically sound
criteria for assessing the risk of stick pipe based on a combined

analysis of chemical and rheological indicators.

The value of the results obtained lies in their practical application:
they can be used both for operational control of drilling fluid
parameters at drilling sites and for improving methodological
recommendations for training specialists and regulatory documents

in the drilling field.

(2l Gal piudl) i) day) e Literary review
Modern approaches to evaluating drilling fluids are based on
comprehensive chemical and rheological characteristics that
account for the specific requirements of deep drilling, including high
pressures and temperatures, as well as the interaction of fluids with
various geological structures. The primary objective of this research
is to maintain well. stability, ensure efficient slurry transportation,
and prevent drill pipe sticking (Kharlamov et al.,, 2023b). Recent
studies have highlighted several crucial aspects for evaluating
drilling fluids, such as conducting thorough chemical analyses,
investigating rheological properties under both static and dynamic
conditions, monitoring density and filtration behavior, an.d modeling
the hydrodynamic interactions between the fluid, rocks, and drilling

tools. Adopting a comprehensive approach allows for predicting
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drilling fluid performance under varying pressures, temperatures,
and rock mineral compositions, while also enabling timely
adjustments to its formulation to reduce the risk of operational

issues (Leusheva, 2024).

The chemical assessment of drilling fluids involves a thorough
determination of their composition, including ion concentrations,
buffer characteristics, pH, alkalinity, polymer and colloid content, as
well as continuous monitoring of salt levels and ionic balance
(Altunina et al., 2020). Under deep drilling conditions, it becomes
particularly important to track the concentrations of calcium,
magnesium, sodium, and chloride ions, as their excess may lead to
early structural setting of clay solutions or the formation of gel-like
deposits on the wellbore walls. Moreover, elevated levels of sulfates
and carbonates can result in the development of filtration crusts and
increased friction between the drill string and the wellbore. Studies
(Altunina et al., 2020; Deryaev, 2025) indicate that optimizing the
chemical formulation of drilling fluids through the addition of
complexing agents, clay stabilizers, and filtration modifiers can
substantially reduce the risk of sticking while maintaining consistent
rheological properties under high pressures and temperatures
(Rubel & Slichenko, 2024).

The rheological characteristics of drilling fluids play a crucial role in
preventing sticking. These properties include dynamic and plastic
viscosity, yield point, shear coefficients, and the fluid's structural and

mechanical stability under varying pressure and temperature
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conditions. In deep wells, fluids are exposed to significant pressure
gradients and temperature fluctuations, which can alter viscosity and
disrupt the structural network of polymers and clay components.
Low viscosity may cause drilling mud to settle in the bottom hole and
annular space (Al-Obaidi & Kharlamov, 2024a), forming a dense
sediment layer and leading to localized tool sticking. Conversely,
excessively high viscosity increases resistance to drill string rotation,
raises the load on pumping equipment, and accelerates tool wear.
Modern methods for evaluating rheology involve measuring fluid
properties at high pressures (up to 100--150 MPa) (Deryaev, 2025)
and temperatures (up to 150--200 °C), using shear gradient devices
to replicate well conditions, and applying computer modeling to
analyze fluid hydrodynamics in the annular space (Dvoynikov et al.,

2020; Al-Obaidi & Kharlamov, 2024a).

The causes and mechanisms of drill pipe sticking are generally
attributed to the complex interaction between the chemical and
rheological properties of the drilling fluid and the geological
characteristics of the well (Kozlov et al., 2024; Al-Obaidi &
Kharlamov, 2024a). Key contributing factors include the formation of
a dense filtration layer on the wellbore walls, accumulation of sludge
and solid particles in the annular space, local variations in the
density and viscosity of the drilling fluid, discrepancies between
hydrostatic and geostatic pressures in the driling zone, and the
mechanical interaction of the drilling tool with abrasive or layered

rock formations. Particular attention is given to transition zones
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between different lithological layers, areas with high concentrations
of solid particles in the fluid, and regions with steep wellbore
inclinations, where the risk of sticking is significantly elevated

(Kalacheva et al., 2023; Al-Obaidi & Kharlamov, 2024a).

The review highlights that an integrated chemical and rheological
assessment of drilling fluids is essential for preventing drill pipe
sticking. A thorough understanding of the interactions between the
fluid, the rock formations, and the drilling tools enables the
development of effective strategies to optimize fluid composition,
reduce technological risks, and ensure the reliability of the drilling

process, even under deep-well conditions.

Methodology and research base
i) 3as 18 g duagiall

In the studies conducted by Wang Fuhua, Tan Xuechao, Wang
Ruihe, Sun Mingbo, and colleagues (2010), which examined the
high-temperature and high-pressure behavior of water-based drilling
fluids, the experimental methodology was validated as accurate.
Furthermore, Hai Bu, Jinsheng Sun, Chengbiao Wang, and Ping Bu
(2013) investigated the performance of polymer-gel drilling fluids
under similar high-temperature and high-pressure conditions,
although the scope of their research was more limited. The chemical
composition of the fluids was evaluated using X-ray fluorescence
spectroscopy, chromatography, and IR spectroscopy, while

rheological properties were assessed with rotational viscometers at
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various temperatures and pressures representative of deep-well

drilling environments (Mostalygina et al., 2020).

The study examined 15 different drilling fluid formulations, including

water-based, hydrocarbon-based, and synthetic-based fluids.

The experimental conditions covered a temperature range from 20
°C to 180 °C and pressures up to 70 MPa, reflecting deep-well
drilling conditions at depths of up to 7,000 meters (Mingulov et al.,
2024). The presented diagram illustrates a comprehensive approach
for evaluating the effectiveness of drilling fluids, encompassing both

laboratory experiments and field studies.

This section presents and analyzes findings from previous research
on drilling fluids, with a particular focus on their chemical
composition and rheological properties under high-temperature and
high-pressure conditions. Wang Fuhua, Tan Xuechao, Wang Ruihe,
Sun Mingbo, and colleagues (2010) studied water-based drilling
fluids with varying densities and additives under such conditions.
Their results indicated that increasing the temperature to 180 °C and
the pressure to 70 MPa led to higher viscosity and plasticity, thereby

raising the risk of operational instability during drilling.

Furthermore, Hai Bu, Jinsheng Sun, Chengbiao Wang, and Ping Bu
(2013) examined polymer-gel drilling fluids under similar high-
temperature and high-pressure environments. Their study
demonstrated that incorporating thermally stable polymer additives
helps maintain the desired fluid structure and reduces the likelihood

of drill pipe sticking in deep-well operations.
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Based on the data from these studies, it can be concluded that:

1. Synthetic and polymer gel solutions demonstrate the greatest

resistance to extreme conditions.

2. Water-based fluid solutions without polymer modification lose
stability at temperatures above 120 °C and pressures above 40

MPa.

3. For practical purposes, it is essential to consider not only the
basic composition of the solution but also the influence of
temperature/pressure in combination with chemical parameters,

which enables the prediction of the probability of sticking in advance.

However, analysis of the works by Wang et al. (2010) and Bu et al.
(2013) shows that a comprehensive study of the chemical and
rheological characteristics of drilling fluids is a key factor in
developing recommendations for deep drilling and preventing

accidents.

Chemical composition analysis shows that aqueous solutions are
characterized by higher alkalinity and clay content, which contribute
to the formation of a stable structural network and efficient slurry
transport. Hydrocarbon solutions have a lower concentration of
calcium and magnesium ions, which reduces the likelihood of
sediment and filtration crust formation. However, viscosity control is
still required to prevent sticking (Palyanitsina et al., 2022). Synthetic
fluids exhibit an optimal combination of polymer additives and
alkalinity, ensuring fluid stability at high pressures and temperatures.

Generally, the chemical composition of fluids directly affects their
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filtration characteristics and the likelihood of drill pipe sticking in

deep wells (Al-Obaidi et al., 2024b).

Chemical analysis showed that aqueous solutions are characterized
by relatively high alkalinity, in the range of 22-27 mmol/L, and
moderate calcium and magnesium content (Ca2* = 0.6--0.9 mmol/L,
Mg?* = 0.4--0.6 mmol/L), which helps maintain a stable colloidal
structure of clay particles and polymers. In particular, samples with
alkalinity levels of 28 and 26 mmol/L demonstrate the highest
filtration stability, indicating a decrease in the permeability of the
filtration crust and, consequently, a reduction in the risk of drill pipe
sticking (Karakul, 2022). These results are consistent with the study
by Ribeiro et al. (2016), which showed that water-based drilling
fluids with similar concentrations ka-2-and mg-2-show high colloidal
structure stability and low filtration loss. In contrast, hydrocarbon-
based liquids contain lower concentrations of calcium and
magnesium ions (calcium 2 = = 0.3-0.5 mmol/L, mg 2 = = 0.2--0.3
mmol/L), which reduces the tendency of precipitate formation;
however, sufficient viscosity must be maintained to ensure effective
transport of slurry. Synthetic liquids are characterized by moderate
alkalinity (23-25 mmol/L) and high polymer content (3.8--4.2 g/l),
which helps to maintain stable rheological properties even at
temperatures up to 180 degrees Celsius and pressures up to 70
MPA. These observations are supported by Xu et al. (2022), who
reported thermal stability and high pressure of polymer-based

drilling fluids under deep well conditions. Overall, the chemical
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composition and rheological data presented, based on Ribeiro et al.
(2016) and Xu et al. (2022), emphasize the crucial importance of
choosing the optimal fluid composition to ensure stability and

operational safety during drilling.

Rheological analysis showed a clear correlation between the
viscosity of the liquid (flow resistance), the yield stress (the minimum
stress required to start the flow), and the sludge sedimentation rate
(the rate at which solid particles settle in the liquid). Samples with
shear viscosity measured at 102 S--1 in the range of 140-150
MPA-s and yield stress of 15-17 PA (for example, samples 6, 8 and
14) showed the lowest slurry sedimentation rate of 1.9-2.1 mm/h
and the highest structural stability of 87-90%. This suggests that
optimal viscosity and yield stress values are necessary to maintain a
constant mud flow and prevent sediment accumulation, which can
lead to adhesion of the drill string. On the contrary, solutions with
low viscosity and yield stress (for example, sample 9: viscosity 105
MPA:s, yield stress 9 PA) showed a slurry sedimentation rate of up
to 3.0 mm/h and a structural stability of only 78%, which highlights a
much higher risk of partial adhesion during deep well drilling

operations.

Analysis of published data showed the influence of temperature and
pressure on the rheological parameters of drilling fluids. According
to Wang et al. (2010) and Xu et al. (2022), an increase in
temperature from 25°C to 180°C was accompanied by an increase

in yield stress from 12 to 17 Pa, while the viscosity at 102 s™
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remained within the range of 120--150 mPa:-s for synthetic and
aqueous fluids, indicating the high thermal stability of these systems.
Hydrocarbon solutions demonstrated lower thermal stability: at
temperatures above 140°C, a decrease in the Plawer index to 0.42-
0.44 was observed, indicating a decrease in the structural stability of
the solution and necessitating adjustments to the composition for

maintaining drilling process stability.

Critical analysis by the authors of the article: when comparing the
results of different authors, it was found that the data on the thermal
stability of agqueous solutions do not always agree: in some studies,
a sharp decrease in the yield point was observed at temperatures
above 160°C, which indicates that stability depends on the specific
composition of polymers and clay additives. Additionally, several
studies did not consider the combined effect of alkalinity and
electrolyte concentration on filtration stability, which limits the
practical applicability of their results. The authors of this article note
that only a systematic comparison of chemical and rheological
parameters allows reliable predictions of the operational

characteristics of drilling fluids (Qadri et al., 2022).

The authors' own contribution: based on an analysis of seven key
publications (Wang et al., 2010; Bu et al., 2013; Ribeiro et al., 2016;
Xu et al., 2022, etc.), the optimal parameter ranges were identified:
alkalinity 23--27 mmol/L, polymer content 3.5--4.2 g/L, and clay
content 15--22 g/L. The authors formulated practical criteria for

selecting the composition of solutions, allowing:
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- reduce filtration to 7--8 ml/30 min;

- maintain a fluidity limit of 15--17 Pa;

- maintain viscosity of 140--150 mPa:s;

- ensure a sludge settling velocity of less than 2.1 mm/h;

- achieve high efficiency in cleaning the wellbore (87--90%);
- minimize the risk of drill pipe sticking;

predict the behavior of solutions when drilling deep wells up to 7000

m.

The authors' main contribution is the systematization and critical
analysis of existing data. They specifically identify patterns that link
chemical composition and rheological properties, and provide
practical recommendations for selecting drilling fluids based on
particular geological conditions. This represents an innovative
advancement that not only surpasses prior reviews but also offers

significant, actionable value for practitioners in deep well drilling.

Practical recommendations
dolaal) Cilua g3l

Based on an analysis of existing studies and a comparison of the
chemical and rheological characteristics of drilling fluids, a set of
practical recommendations for preventing sticking has been
developed, applicable not only to the global drilling industry but also

to the specific conditions of the Mishriff formation in Irag.

Recommendations for chemical composition:
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Lubricating additives: the use of graphene oxide nanoparticles at a
concentration of 0.5-1.0% ensures minimal friction and reduces the

risk of sticking even at high pressures in the Mishrif formation.

Swelling inhibitors: The use of polyamine inhibitors (0.5-2.0%)
effectively suppresses the swelling of reactive clays characteristic of
the Mishrif layer, thereby increasing the stability of the wellbore

walls.

Filter-Reducing Additives: The incorporation of thermally stable
polymers allows for controlled filtration at temperatures up to 180 °C,
preventing the formation of a dense filter cake and minimizing the
risk of drill pipe sticking.

Recommendations for rheological parameters:

Optimal Yield Strength: 15-25 Pa , ensures effective wellbore
cleaning without excessive pressure loss, which is particularly

important in high-temperature Mishrif zones.

Thixotropy Control: Maintaining a static-to-dynamic shear stress
ratio of 10 min/10 sec within the range of 1.5-2.5 helps prevent
sludge sedimentation and supports the stability of the drilling

process.

Technical Recommendations: Refer to Figures 4 and 5, which depict
the algorithm for preventing drill pipe sticking and a systematic
approach for its control. These recommendations provide a
comprehensive framework for deep-well drilling across various

geological conditions, including the Mishrif formation.
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Economic Efficiency: Implementing optimized drilling  fluid
formulations in the Mishrif formations can reduce the time spent
addressing sticking by 30--40%, resulting in savings of up to 2-3
million rubles per deep well. The primary sources of these savings
include:

-Shortened time required to resolve sticking incidents;

-Reduced consumption of materials and chemicals;

-Decreased wear and tear on drilling equipment;

-Increased mechanical drilling speed and improved borehole

cleaning efficiency.

5. Feedback i 2. Preparation of drilling fluid

ORegu]ar parameter assessment — adjustment of dri]]ing ®(Optimization of chemical composition: alkalinity, ions,
composition and mode polymers

®0Objective: Minimize sticking and effectively clean the eSetting rheological parameters: viscosity, yield point,
barrel thixotropy

4. Prompt corrective measures 3. Control of parameters during drilling

eCorrection of the solution composition (lubricant, ®Pressure, temperature, circulation rate
polymers, filter-reducing additives) eFiltration, sludge settling rate, structural stability
®Changing the drilling mode (column speed, circulation)
®Use of auxiliary tools when necessary

Fig. 1. The algorithm for preventing seizures during drilling of deep

wells.
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Fig. 2. A systematic approach to preventing drill pipe sticking.

Conclusion: The analysis demonstrates that the careful selection of
chemical and rheological parameters for drilling fluids, specifically
tailored to the conditions in the Mishrif formation, is a critical factor in
ensuring drilling safety and operational efficiency. These
recommendations are valuable not only for the global drilling
industry but also for drilling practices in Iraq, offering an opportunity
to standardize procedures and enhance the economic performance

of deep-well operations.
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Section 2. Thermal Stability and Performance of
Carboxymethylated Starch and Cellulose in Biopolymer
Drilling Fluids
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uedldl Abstract /
The results show that CMC has proved high efficiency as the fluid

has been tested for drilling in pay zone, it also indicates that the fluid
will drill fast due to low viscosity of drilling mud coming out of drill bit.
High yield point (YP) implies a non-Newtonian fluid that is better at
carrying cuttings than a fluid of similar density but lower YP, which
confirms that PAC LV and CMC showed high YP performance at 15
g and 20 g concentrations. The low viscosity shear rates (LVSR) of
Reotrol and Flotrol decreases by 20 % after thermo-aging. This

could be due to the composition of these filtration reducing agents,
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as they have a lower molecular weight. PAC LV, on the other hand,
has an increase in LVSR after heat treatment. This is probably due
to the different structure of this filtration reducing agent compared to
the others. Moreover, at a concentration of 10 g, Flotrol and CMC

showed the highest LVSR values.

Keywords: Drilling mud, primary penetration, starch, low viscous
shear rate (LVSR), biopolymers, xanthan, bottomhole formation

zone, reservoir properties, formation contamination.

1. Introduction
dadial)

Natural polymers are widely used in various industries. Their
hydrophilic properties allow them to dissolve in water or filter
solutions (Flik et al., 2021; Odimba et al., 2023). This makes them
useful in various industries, including food processing, medicine,
cosmetics, agriculture, and others. Their hydrophilicity also makes
natural polymers more environmentally friendly and safer than
synthetic polymers. Polysaccharides are the most common
hydrophilic polymers, valued for their non-toxicity, biodegradability,
environmental friendliness, and ability to thicken water (Aggarwal &
Minocha, 2020; Benalaya et al., 2024; Mikor et al., 2025;
Satchanska et al., 2024). Understanding a polymer's characteristics
in various aquatic environments is crucial for optimal use in a
specific field, particularly during drilling to access a primary reservoir
(Ghazali et al., 2015; Nwosu & Ewulonu, 2014). To optimize the

process of opening the primary productive reservoir, it is necessary
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to study optimal parameters for drilling fluid. Reducing the cost of
drilling fluids is a crucial part of the technological process (Ali et al.,
2020; Asad et al., 2024; Beck et al., 1995; Liu et al., 2020; Noor et
al., 2024). Lowering fluid costs reduces the overall cost of drilling oil
and gas wells (Fattahov et al., 2023; Gubashev et al., 2024; Jameel
& Ali, 2023; Koroviaka et al., 2023; Ovchinnikov & Shemelina,
2022). This study compares natural polymers, including
carboxymethylated starch and cellulose, to investigate their potential

and examine their properties at varying concentrations.

Support elements of equipment and their capabilities.
Lghl a8 g Cilanal) asd palic

Experience shows that laboratory scales of the AND EK-300i brand,

an ES-8300 D mixing device, a Brookfield DV-1I+PRO rotary

viscometer (Brookfield Engineering Laboratories, Inc., USA), and a

desktop filter press with a CO2 pressure module (OFITE).

Drilling mud preparation.
sl ¢l sl

It should be noted that only the starches in the original recipe are
changed; all other substances remain constant and in the same
concentrations. Therefore, the following starches are used: Flo-Trol
hydroxypropyl starch (manufactured by M-I SWACO), Reatrol
modified starch (manufactured by M-I SWACO), carboxymethyl
starch grade B (JSC NPO 59 Promservis), carboxymethyl starch
grade Bur M (ZAO Politsell), carboxymethyl starch 88 DEG-1, and
carboxymethyl starch 102 DEG-1.
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The required mass of substances is measured on an AND EK-300i
laboratory scale (Fig. 1,2,3) with the following technical

specifications:

* Accuracy class - high - II

» Weighing limit: 300 g;

* 9 units of measurement (gram, carat, pound, ounce, etc.);

* Resolution: 0.01 g;

Fig. 1. Laboratory scales AND EK-300i.
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Fig. 2. Mixing device ES-8300 D (digital display).

;

e

|

Fig. 3. Brookfield DV-11+PRO rotary viscometer.

To begin preparing the solutions, 500 mL of distilled water is placed
under constant stirring under an ES-8300 D mixing device (Figure 2)
at a stirring speed of 600 rpm. The experiment is based on a
biopolymer drilling fluid containing: 0.5 g/L sodium hydroxide
(NaOH), 80 g/L potassium chloride (KCI), 4 g/L xanthan gum (ONK,
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China), and 50 g/L calcium carbonate (CaCO3) with a particle size of
10 microns. In addition to the listed reagents, the studied filtration
reducers were sequentially introduced into the drilling fluid at
concentrations of 10, 15, and 20 g/L. After adding each component,
the mixture is stirred for at least 5 minutes at 700 rpm. After adding
the xanax resin, the solution is stirred for at least 10 minutes at 1000
rom. After adding the starch, the solution is also stirred for at least
10 minutes at 1000 rpm. After all the reagents have been added, the
solution is kept at room temperature in a hermetically sealed

container for at least 16 hours.

The approach to measuring the rheological parameters
of drilling fluids

A 9 paad 2 81 53 ) DMalaall (b Lingria
The rheological parameters of the solutions are measured using a

Brookfield DV-II+PRO viscometer (Figure 3), which has the following

technical characteristics:
- Viscosity - 100,40,106 mPa s;

- Error - £1.0% F.S;
- Reproducibility - £0.2%;
- Rotation speed - 0.01,200 rpm;

- Number of stages - 54;

To start removing the viscosity of the solution, it must be mixed on
an agitator for 5 minutes at a speed of 1000 rpm. Next, the solution
is poured into a Brookfield glass and placed under a viscometer.

The viscometer is turned on by pressing the button on the back
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panel. Then, the protective cap is removed from the area under the
spindle, and any button is pressed, allowing the viscometer readings
to be auto-adjusted. After drilling, select the appropriate spindle by
referring to the viscosity 61 of the test solution in the manufacturer's
spindle selection guide. Specify the selected spindle on the
viscometer display. Once all operations are complete, you can begin
measuring the viscosity at the following shear rates: 0.2, 0.3, 3, 30,
60, and 100 rpm. Three readings are recorded: at the 1st minute, at

the 2nd, and at the 3rd for each of the speeds.

The essence of the drilling mud filtration measurement
technique

Al G g 5 a8 4585 8 g
Our investigation shows that the filter press cell is taken upside
down (with the wide-open end facing up) and filled with mixed
drilling mud, not reaching the upper edge of 0.25 inches (0.6 cm).
Then cover the device with a dry paper filter and close the lid. Turn
the assembled device vertically and secure it in the holder (Fig. 4).
Place a clean, dry graduated cylinder under the outlet and open the
inlet valve. Create a pressure of 100 psi (0.7 MPa) in the filtration
chamber and filter for 30 minutes. After 30 minutes, the pressure is
relieved, the inlet valve is closed, and the volume of the collected

filtrate (in milliliters) is measured.
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Fig. 4. Desktop filter press

The Results and discussion
dEBLA g @Uﬂ\
According to the stated purpose, the following materials are used in

this work when performing experimental studies.

Materials and Methods

Jand) (il sl g 3 gall
Note that for the experiment, a biopolymer drilling mud was selected
as the base, which includes: 0.5 g/l sodium hydroxide (NaOH), 80 g/l
potassium chloride (KCI), 4 g/l xanthan gum (ONK, China), and 50

g/l calcium carbonate (cacos), which is 10 microns in size. In

addition to the listed reagents, the studied filtration reducers were
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alternately introduced into the drilling mud at concentrations of 10,
15, and 20 g/l. They are represented by the following reagents:

Table 1. Composition of the investigated biopolymer drilling fluids.

Compone

o Unit DF1 DF2 DF3 DF4 DF5
Water L 1 1 1 1 1
Sodium

hydroxide 0.5 0.5 0.5 0.5 0.5
Potassiu 80 80 80 80 80
m chloride

Xanthan giL 4 4 4 4 4
gum

PAC LV g/L 10/15/20 - - - .
Flotrol g/L - 10/15/20 - - -
CMC g/L - - 10/15/20 - -
Thermopa g/L - - - 10/15/20 -

ck

Reatrol g/L - - - - 10/15/20
Calcium 50 50 50 50 50
carbonate

The following equipment was used to prepare and test drilling mud
samples: a Hamilton mixer, an OFITE 900 rotary viscometer, an
OFITE HP-HT high-pressure filter press, an OFITE 172-00 roller
furnace with thermal aging cells, a pH meter, and a stopwatch.
Rheological parameters were checked using the OFITE-900 model
manufactured by Inc. (Texas, USA). The apparent viscosity (KV),
plastic viscosity (PV), and dynamic shear stress (DST) of drilling

mud were determined using the following formulas, calculated from
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data at rotational speeds of 300 and 600 rpm. The formulas are
presented below:
KV=F600/2, (MPa*s) (1)
PV=F600- F300, (MPa*s) (2)
DST=F300-PV, (Ib/100 ft2) (3)
To demonstrate the effect of heat on the viscosity of drilling fluids

and the behavior of various substances that reduce filtration at
elevated temperatures, liquids were kept under pressure in
containers. An aging cell (model 175-30, OFITE, Inc., Texas, USA)
was used to affect the samples. The prepared liquids were
maintained in a liquid state at temperatures above the boiling point
of water under static or dynamic conditions in a rotating furnace with
a minimum aging time of 16 hours. These tests were carried out at a
temperature of 85 °C. In addition, viscosity at low shear rates
(LSRV) was measured at 0.3 rpm (0.06 sec-1) and 120 rpm using a
Brookfield LVTD viscometer equipped with a cylindrical spindle No.

2. Measurements were taken at intervals of 1, 2, and 3 minutes.

Filtration properties of drilling fluids
Al i) gaad g Y Gailad
The API filter press is used to analyze the filtration behavior and
characteristics of the formation of a filtration crust of drilling fluids.
Their stability is based on fluid loss and can be determined by
measuring and describing the filtration crust. (table 2) shows the
volume of API filtration before and after thermal aging. As shown in

table 2, the filtration results showed a slight increase in filtration
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volume after thermal aging at 85 °C. The results for drilling mud
filtration were noted when Reatrol, Flotrol, and Thermpack reagents
were added to the initial system (Figure 5). Both under standard
conditions and after the thermal aging test, the filtration values for
these systems turned out to be almost identical. Higher filtrate
losses were noted when the PAC LV and CMC reagents were
added to the biopolymer drilling fluid. At a concentration of 10 g, the
results showed that Reatrol had the lowest filtrate volume compared
to other filtration reducing agents. After thermal aging at
concentrations of 15 g and 20 g, Reatrol showed the highest filtrate
volume, while Flotrol at a concentration of 10 g exhibited a lower
filtrate volume, specifically 5.8 ml for 15 g and 5.34 ml for 20 g (table
2).

Therefore, starches and their modifications are most effectively used
in biopolymer systems of primary autopsy, rather than polyanionic
cellulose. However, although CMC has a starch structure, there is a
decrease in filtration characteristics. Due to the fact that CMC and
PAAC LV have carboxymethyl functional groups and a higher
molecular weight compared to other modifications of corn starch.
Therefore, starch reagents are more commonly used in the industrial
drilling of oil and gas wells in clay-free formations. The most
common biopolymer primary autopsy system, "Flo--Pro", presented
by M-I, includes modified starch in its composition. According to the
study, the best results in rheological and filtration properties of

biopolymer driling mud of primary opening are achieved by
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combining Flo-Vis (xanthan gum) and Flotrol (hydroxypropyl starch)
reagents. In the current study, various starch modifications,
including Flotrol, were used in combination with xanthan gum. At the
same time, the filtrate losses turned out to be quite low, which
indicates the high efficiency of these starch modifications in the
solutions of the primary reservoir opening.

Table 2. Comparison of API filtrate volume (mL) for various reagents at
different concentrations, before and after thermal aging at 85 °C.

Concentration API Filtrate API Filtrate

Reagent @) Volume (mL) - Volume.(mL) -
before aging after aging

PAC LV 10 ~9.7 ~10.6
PAC LV 15 ~7.8 ~7.8
PAC LV 20 ~7.0 ~7.7
Flotrol 10 ~8.8 ~8.3
Flotrol 15 ~6.8 ~5.8
Flotrol 20 ~3.5 ~5.3
CMC 10 ~9.8 ~10.0
CMC 15 ~7.0 ~7.4
CMC 20 ~6.9 ~7.2
Thermpac 10 ~8.3 ~8.0
Thermpac 15 ~6.4 ~6.0
Thermpac 20 ~6.0 ~6.6
Reatrol 10 N/A N/A
Reatrol 15 ~10.1 ~10.1
Reatrol 20 ~8.2 ~8.2
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Low shear rate viscosities (LSRV)

(LSRV) &aiiial) (alll cara sic 4x g3
No significant effect on the rheological parameters of low-viscosity
flow rates was observed during the thermal aging test when
exposed to high temperatures. However, when examining low-

viscosity flow rates, some peculiarities are noticeable.

Based on global experience, a benchmark level of 40,000 cP (at a
shear rate of 0.06 s-1) has been established for adequate wellbore
cleaning. Thus, before thermal aging at a concentration of 10 g,
Flotrol and CMC exhibited the highest values at a low shear rate,
which were 27911 and 22318 cP, respectively. Furthermore, when
the concentration was increased to 15 g and 20 g, the results before
thermal aging showed that CMC showed the highest low shear rate.
However, after thermal aging, the results showed that CMC
significantly lost its low shear rate due to the degradation of the
molecular structure. Moreover, for Reatrol and Flotrol, the low shear
rate decreased significantly (by 20%) after thermal aging (Figure 5).
This may be due to the destruction of fluid loss reducers. On the
contrary, the low shear rate in drilling mud containing PAC LV

increases after heat treatment.
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Figure 5. Low shear rate viscosity (LSRV) of the filtration reducers at different
concentrations before and after thermal aging at 85 °C: (a) before thermal
aging, (b) after thermal aging.

Table 3. Low shear rate viscosity (LSRV) of filtration reducers before and
after thermal aging at 85 °C.

Concentratio LSRV before LSRV after

Reagent ol (@8 s (@9 Change

PAC LV 20g ~4,500 ~4,800 Increase

PAC LV 159 ~3,500 ~3,600 Increase

PAC LV 10g ~2,500 ~2,800 Increase
Decrease

Flotrol 209 ~15,000 ~18,000 (~20%, scale-
related)

Flotrol 159 ~12,500 ~6,000 i'g:'f'cam

Flotrol 109 ~16,000 ~4,000 i'g:'f'cam

CMC 20 g ~32,000 ~38,000 Significant

loss (despite
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high initial
value)
CMC 159 ~28,000 ~14,000 Significant
loss
CMC 10 g ~13,000 ~15,000 Significant
loss
Thermpac 209 ~15,500 ~18,000 Loss
Thermpac 159 ~13,500 ~14,000 Loss
Thermpac 10 g ~17.,000 ~6,000 Significant
loss
Reatrol 20 g ~32,000 ~15,000 Significant
loss
Reatrol 159 ~30,000 ~8,000 Significant
loss
Reatrol 109 ~29.000 ~6,000 Significant
loss
Conclusion
G\I\ﬁu‘)’\

The work presents modern insights obtained from recent research
on the application of biopolymers in drilling fluids. The utilization of
biopolymers in drilling fluids has exhibited remarkable effectiveness,
as these materials possess the ability to efficiently mitigate and

anticipate any difficulties that may develop during drilling activities.

The following points highlight the findings related to the significance
of biopolymers in modifying the characteristics of drilling fluids:

« The analysis of the present research reveals that polysaccharides
have emerged as the favored chemicals for the regulation of

filtration in water-based mud systems. This preference is attributed
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to their environmentally sustainable characteristics, cost-efficiency,

and widespread accessibility.

» The use of biopolymers has been found to enhance the filtering
gualities, including the amount of filtrate and the thickness of the
filter cake. The observation indicated that the reduction in volume of

fluid loss reached 40%.

« Starch is widely utilized for filtration purposes; nevertheless, its
thermal endurance, degradability, and susceptibility to salt have
necessitated the adoption of several surface modification
approaches. The utilization of carboxymethylation of starch has
been identified as a feasible method to enhance these
characteristics. However, the extended duration of exposure to
heightened temperatures and elevated quantities of salt continues to

have an impact on its overall function.

* The filter cakes created by muds containing starch have been
reported to have reduced thickness and increased density, resulting
in a decrease in damage caused by the reduced infiltration of mud

particles.

The initial starches had insufficient thermal durability under
circumstances of high pressure and high temperature (HPHT),
resulting in minimal effectiveness. Nevertheless, several cases have
shown that modified starch variations demonstrate enhanced
thermal durability. However, it is important to note that their
resistance to salt has been shown to decrease, which limits their

applicability in environments with high salt content. Additionally, the
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insufficient spontaneous degradation of these muds was also
recognized as a notable limitation, requiring the incorporation of

biocidal chemicals.
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Abstract

This study aims to conduct an in-depth comparative analysis
between  Additive  Manufacturing (AM) and  Subtractive
Manufacturing (SM) and their impact on production efficiency,
product quality, environmental sustainability, and economic
feasibility within the Iraqgi industrial context. The research problem
stems from the heavy reliance of most Iraqi industrial facilities on
traditional subtractive methods, which leads to material waste of up
to 70%, high production costs, long setup times, and the inability to
manufacture complex geometries required in aviation, medical, and
automotive sectors.

An analytical comparative method was adopted, supported by digital
simulation of three case studies representing different levels of
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geometric complexity, and a field survey distributed to a sample of
50 industrial workshops in Wasit and Baghdad governorates to
measure awareness and readiness. Software tools including Solid
Works 2024, Fusion 360, and SPSS v26 were utilized for design,
simulation, and statistical analysis.

The findings revealed that AM achieves material savings of up to
95%, reduces prototyping time by 65%, and lowers unit cost for
single parts and spare parts by 82% compared to SM. Conversely,
SM still excels in dimensional accuracy of +0.05mm, surface finish,
homogeneous mechanical properties, and production time for large
volumes. The survey indicated that 70% of factories have theoretical
awareness of modern technologies, but actual implementation does
not exceed 15% due to key barriers such as electricity outages, high
machine costs, and lack of trained technical personnel.

The study concludes that the optimal solution for Iraqi industry is not
to replace one technology with another, but to adopt a "Hybrid
Manufacturing” model that combines the advantages of both. It
recommends establishing a "Center of Excellence for Hybrid
Manufacturing” in technical institutions as a pivotal step to align with
Industry 4.0 requirements, achieve sustainable industrial
development, and reduce import dependency by 40% over the next
five years.

Keywords: Additive manufacturing; Subtractive manufacturing; Hybrid
manufacturing; Industry 4.0; Resource efficiency
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