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	In this section, let ℤ + and ℝ denote respectively the set of all positive integers and real numbers. In what follows, we retain the notation given in the “Nanotube Series, parts I ~ III” published in the Journal of Mathematical Chemistry4)-6). The r...
	Recall that in ref. 3) we formulated the following Problem AI using Propositions AI and AII with Note AI:
	Problem AI. Is it possible to prove the following proposition via the Weierstrass Preparation Theorem or other methods?
	Note AI. The following proposition, which is easily established via Taylor’s theorem, is fundamental in investigating Proposition AI.
	Problem BI. Let ξ be any positive real number and let η be any real number, and let (ξ,η: ℝ  ℝ be a function defined by (ξ,η(x) = |xη|ξ. Recall the Practical Asymptotic Linearity Theorem (PALT)14), and check if the following Proposition BI is true, an...
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	Single-walled carbon nanotubes (SWNTs) are graphene sheets rolled up into cylinders, and based on the direction of the roll up, i.e., chirality index (n,m), they are divided into two main classes, metallic and semiconducting ones (m- and s-SWNTs). Fr...
	Separation into m- and s-SWNTs was first reported by Collins et al. in 2001.6 They performed electrical breakdown of multi-walled carbon nanotubes, resulting in the loss of individual carbon shell from the nanotubes to yield SWNTs. After this report,...
	Procedures for single (n,m) sorting of s-SWNTs have also been reported by several groups. Ghosh et al. succeeded in sorting of ten different (n,m) species by using nonlinear density-gradient ultracentrifugation.16 Liu et al. developed sophisticated g...
	To date, there have been three reports describing biomedical applications of single- or double-chirality -enriched s-SWNTs. Dai and colleagues utilized the second NIR photoluminescence of (7,6), (6,5), and (12,1)/(11,3) SWNTs for biological imaging. ...
	Finally, the possibility of single-chirality-enriched s-SWNTs as photodynamic agents is discussed based on the recent photochemical studies of SWNTs. The photodynamic activity of photosensitizers is based on photooxidative reactions, which involve ac...
	In summary, single-chirality enrichment of s-SWNTs is a rapidly emerging technology, which has enabled their detailed photochemical evaluation. The NIR responsiveness of s-SWNTs via the van Hove transitions, such as luminescence, and heat and ROS ge...
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	This is the direct continuation of section 3 of the preceding part IV of this series of papers.
	In this section, let ℤ+ and ℝ denote respectively the set of all positive integers and real numbers. In what follows, we retain the notation given in the “Nanotube Series, parts I ~ III” published in the Journal of Mathematical Chemistry1)-3).
	The reader is referred to refs. 4)-7) for cross-disciplinary investigations related to the Fukui Conjecture and to the chemistry of carbon nanotubes. The reader is also referred to refs. 8)-16) and references therein for the science and technology of ...
	Definitions I. Let a, b ( ℝ with a < b and let I = [a, b]. A real-valued function on a subset S ( ℝ is called real analytic on S if it is the restriction to S of a function which is real analytic on some open set O ( S.
	Definitions II. Let S1 and S2 be nonempty subsets of ℝ. A function f: S1 ( S2 is said to be nondecreasing if x1 ≤ x2 implies f(x1) ≤ f(x2) for all x1, x2 ( S1. A function f: S1 ( S2 is said to be nonincreasing if x1 ≤ x2 implies f(x2) ≤ f(x1) for all ...
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	In ref. 1), the following Challenging Problem F was given. This problem is related to absolutely continuous functions (generally highly irregular) and to their Fourier expansions.
	Let us recall that Challenging Problem F is closely related to the Asymptotic Linearity Theorems (ALTs) in the repeat space theory (RST). The reader is referred to 2)-7) for the ALTs and for the definitions of the original alpha space X𝛼(q) and of ot...
	Conjecture OALT-1. (OALT-X𝛼(q) AC(I) version). Let q ( ℤ +, let s ( ℤ, let {AN} ( X𝛼(q), and let I be a closed interval compatible with {AN}. Then, for any 𝜑 ( AC(I), there exists an (s(𝜑) ( ℝ such that
	Tr[(( Iq) (𝜑(AN)) ] = (s(𝜑)N + o(1) (1)
	as N ( (. Moreover the real number (s(𝜑) is represented by the integral given by
	(s(𝜑) = . (2)
	Challenging Problem F. Prove or disprove Conjecture OALT-1.
	Let P(I) denote the subspace of AC(I) of all the polynomial functions with real coefficients. The Conjecture OALT-1 with AC(I) replaced with P(I) is called Off-diagonal ALT, OALT-X𝛼(q), P(I) version. The reader is invited to prove or disprove this si...
	Challenging Problem G. Prove or disprove the following Conjecture OALPHA-1.
	Conjecture OALPHA-1. (OALPHA-X𝛼(q) AC(I) version). Let q ( ℤ +, let s ( ℤ, let {AN} ( X𝛼(q), and let I be a closed interval compatible with {AN}. Then, for any 𝜑 ( AC(I), there exists an (s(𝜑) ( ℝ such that
	Tr[(( Iq) (𝜑(AN)) ] /N →(s(𝜑) (3)
	as N ( (. Moreover the real number (s(𝜑) is represented by the integral given by
	(s(𝜑) = . (4)



